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Con.canavalin A (Con A), a lectin isolated from
the jack .bean (Canavalia ensiformis), was first
identified in 1919 and characterized in 1936. Con A
has been found to be.an effective mitogen for lympho-
cyte and the mitogenic action is probably initiated
by its ability in binding to a specific glycoprotein
receptor on the cell membrane of the lymphocyte.
Mitogenic triggering of lymphocytes to proliferation
is accompanied by a variety of biochemical events,
which include stimulation of DNA, RNA and protein
syntheses, histone acetylation, phosphorylation of
nuclear proteins, alteration of lipid and carbo-
hydrate metabolism, early changes in the cellular
levels of cGMP and increased uptake of potassium
ions, calcium ions, nucleotides, amino acids, sugars
and lipid precursors.
Studies on the interaction of Con A with
bacteria have been mainly concerned with bacterial
cell wall.components. By. immunological methods, the
arabinogalactin isolated from the cell wall of yco-
bacterium bovis., the teichoic acids extracted from
the cell walls of Staphylococcus aureus 416, S.
epidermidis 412, Lactobacillus Elantarum 17-5, L.
buchneri NCIB 8001, and. Baci] lus subtilis 168 and
2the polysaccharides-from Salmonellae are found to
precipitate with Con A. These results show that Con
A can interact with the bacterial cell walls pro-
vided the wall substances contain substituted ot-
glucopyranosyl. oo-arabinofuranosyl or o(-mannopyrano-
,syl residues. However, one finds in the literature a
paucity of reports deal specifically with the phy-
siological responses of bacteria to the action of
Con A. Therefore, the present study is designed to
evaluate the effects of Con A on selected physio-
logical processes of two gram-positive bacteria,
Bacillus cereus ATCC 14579 and B. licheniformis IFO
12107.
B. licheniformis IFO 12107, which is equivalent
to.B. licheniformis ATCC 9945, has been found to
possess polymers of glucosyl glycerol phosphate as
the membrane teichoic acid in the cell envelope. The
surface substances of B. licheniformis IFO 12107
therefore possesses all the prerequisites for inter-
acting with Con A. 'On the other hand, the nature of
the surface substances of B. cereus ATCC 14579 has
not been fully investigated. However, due to its
similar responses to Con A as those of B. licheni-
formis IFO 12107, B. cereus ATCC 14579 is employed
3in the present study for comparison purpose.
The main objectives of the present study are
1) to confirm the binding of Con A to the cells of
B. cereus ATCC 14579 and B. licheniformis IFO
12107.
2) to study the effect of Con A on certain.physio-
logical aspects of the two bacteria, which in-
clude a) growth, b) oxygen uptake, c) enzyme.
activities, d) DNA synthesis, e) RNA synthesis,
f) protein synthesis, g) uptake of the amino acid
proline,and h) uptake of the carbohydrate galactose.
3) to study the effect of Con A on the intracellular
levels of cyclic AMP and cyclic GMP of the two
bacteria, and
4).an attempt is made to.propose a mechanism' for the
action of Con A on the two bacteria.
II. LITERATURE REVIEW
4A. Concanavalin A as a lectin
Living organisms produce a large variety of
proteins which can specifically interact with
different compounds. Most important among these
are enzymes that combine specifically with substrates
and inhibitors, and antibodies that bind. antigens.
Another class of proteins with specific combining
sites, found mainly in plants, has recently moved.to
the forefront of biological research. They are
originally called 'phytohemagglutinins' or 'phyto-
agglutinins', but as this type of proteins are also
found to occur in bacteria and animals, the term
'Lectins' appears to be more appropriate (Sharon
and Lis, 1972; Lis and Sharon, 1977).
Lectins are proteins that can bind nonco-
valently to specific carbohydrate groups without
modifying them chemically. This type of binding
is reversible, and all lectins have.more than one
specific carbohydrate-combining sites. No enzy-
matic activity has yet been found to associate
with any purified lectin molecule. The presence
of more than one carbohydrate-combining site
allows individual lectin molecules to serve as
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cross-linking agents, mainly to agglutinate many
mammalian cell types. Binding of lectins to the
sugar components of lymphocyte cell membrane is
able to stimulate mitogenesis of the cells (Brown
and Hunt, 1978). Lectins exhibit varying degrees of
specificity in their activities (Table 1). Most
lectins interact preferentially with a single sugar
structure, e.g. galactopyranose.or L-fucopyranose.
For some lectins, the specificity is broader and
includes a number of closely related sugars, e.g.
mannopyranose, glucopyranose and arabinose, whereas
certain lectins interact only with complex carbo-
hydrate structures such as those that occur in gly-
coproteins or on cell surfaces. It isLnoteworthy
that the pectins are also found in bacteria, lower
animals and even-higher animals, and though they all
bind to sugars, not.all of them are mitogenic
(Nicolson, 1974, Brown and Hunt, 1977).
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Abbreviated binding blood Mitogenic
name sites MMW Sugar type activity
Plants-legumes
PNA 110,000Arachis hypogaea (peanut) Gal
Bandeirea sirnplicifolia 4 114,000 Gal B
Canavalia ensiformis (jack bean) Con A 4 102,000 Man, Glc
4 110,000 GaINAc A,Dolichos biflorus (horse gram)
SBA 2 120,000 GaINAcGlycine max (soybean)
2 60,000 Man, GlcLens culinaris (lentil)
Lotus tetragonolobus (winged pea) I 4 120,000 L-Fuc 0
Lotus tetragonolobus (winged pea) II 2 58,000 L-Fuc 0
Lotus tetragonolobus (winged pea) III 4 117,000 L-Fuc 0
Phaseolus limensisc (lima bean) I 2 120,000 Ga1NAc A
4 237,000 Ga1NAc APhaseolus linrensis (lima bean) II
PHA 120,000 (GaINAc)
2 50,000 Man, GicPisurn sativunt (garden pea)
Vicia faba (broad bean) 17,000-51,000 Man, Glc
N100,000Vicia graminea
Plants--other
Abrus precatorius (jequirity bean) 2 134,000 Gal
Phytolacca americana pokeweed) Pa-1 PWM (22,000)n
Phytolacca americana (pokeweed) Pa-2 to 19-31,000
Pa-5
Ricinus communis(castor bean) RCA 2 120,000 Gal
Solanum tuberosum (potato) 2 120,000 (G1cNAc)2
WCATriticurn vulgare (wheat) 4 36,000 (ClcNAc)2
WFHWistaria floribunda 136,000 GaINAc
WFM 67,000 CaINAc
Bacteria
Pseudomonas aeruginosa 65,000 Gal
Lower animals
Anguilla anguilla (eel) 4 130,000 L-Fuc 0
Helix poinatia (garden snail) 6 79,000 GaINAc A
Limtilus Polyphemus(horseshoe crab) 18 335,000 NANA
Higher animals
Rabbit 500,000 Gal
Phaseolus oulgaris (red kidney bean)
71. Structure of Concanavalin A
Concanavalin A (Con A), a glonular protein
from the jack. bean (Canavalia ensifcrmis) was
first described and isolated in crystalline form
by dialysis of the sodium chloride extract of
jack bean meal (Sumner, 1919). Sumner and Howell
(1936) reported the ability of Con A to precipit-
ate certain carbohydrates including glycogen and
starch from corn and rice, and to agglutinate
not only the erythrocytes of certain animal
species, but also fat emulsions, starch granules,
yeast cells and certain bacteria (Sumner and Ho-
well, 1936).
a) Molecular .weight
Con A is a polymeric globulin composed of
identical 25,500 M.W. asymmetric subunits
(Wang et al,, 1971). The degree of subunit
association of Con A is dependent on a number
of variables, the most important of which is
the pH. In the presence of denaturants, such
as urea, guanidine or sodium dodecylsulphate
(SDS), Con A exists as a monomeric unit having
a molecular weight of about 27,000 (Table 2)










pH 2.2, Gel filtration40,000
pH 3.5- 3.855,000
pH 7.0, 59% NaCl96,000
pH 8.9112,000
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(Olson and Liener, 1967 Edmundson et al,9 1971
Wang et al,,1971). Between pH 2 and 5.5, Con A
exists as a dimer of two subunits and therefore
has a molecular weight of approximately 55,000,
whereas at pH above 5.5 a tetrameric structure
with a molecular weight of 110,000 predominates
(Kalb and Lustig, 1968 Edelman et al., 1972
McKenzie et al„ 1972).
b) Amino acid composition
Unlike most other lectins, Con A contains
no carbohydrate..The proteins also contain no
lipid, nucleic acid or other prosthetic groups.
At phy0iological pH, Con A is a tetramer of
identical subunits each of which contains 237
amino acid residues (Kalb and Lustig, 1968
Edmundson et al,, 1 971 Wang et al,, 1971), one
calcium ion, one manganese ion and one binding
site for glucose-, mannose-or fructose-like
saccharides (Sumner and Howell, 1936 Kalb and
Leuitzki', 1968). The 237 amino acids and two
metal ions therefore account for the entire Con
A protomer, which corresponds to the contents of
a single crystallographic asymmetric unit.
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Con A is the only lectin of which the primary
sequence' has been well established (Fig 1) (Edelman
et al,, 1972 Recke et al, 1974). In terms of the
linear sequence of the amino acid residues, there
is an irregularity in the distribution of certain
types of amino acid residues (Fig. 2). Charged
residues are generally more densely distributed in
the N-terminal half of the polypeptide chain than
in the COOH-terminal half. Many of the charged
residues are located near the upper position of the
protomer, and are associated with metal ion bind-
ing and interactions between Con A dimers..Converse-
ly, the hydrophobic and particularly the aromatic,
side chains tend to be in the last 127 amino acid
residues of the polypeptide chain. While. six of the
seven tyrosine residues are in the NH2-terminal half
of the molecule, all eleven of the phenylalanines
are in the COOH-terminal half in a portion of the
molecule toward the bottom of the protomer.
Based on the complete amino acid sequence, the
amino acid composition of Con A is analyzed and
shown in Table 3. It indicates that the molecule
contains very few sulfur-containing amino acid















































Table.3. Amino acid composition of Con A
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(a)
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(b)
20 40 60 80 100 120 140 160 180 200 22020 40 60 80 100 120 140 160 180 200 220
Figure2 . Distributionof chargedand aromaticminoacid residuesin the Con A protomer. ( a ) The
locationsf chargedresiduesare indicatedby the followingsymbols: , acidicside chain, basic side chain
0 , hisidine. The line drawingdicatesth locationsof theseresiduesin the linearsequence: I , acidicside
chainT , basicsidechain1 , histidine. ( b ) The locationsof aromaticaminoacidresidues: • , tyrosine• ,
tryptophan; , phenylalanine. I the line drawing: I , tyrosine+ , tryptophan; T , phenylalanine.
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methionine molecules . The predominant amino acid
is serine , which accountsfor 13 . 1 % of the total
residues . The molecular composition also indicates
that regardless of the ionic state of the histidines ,
the number of negatively charged side chains exceeds
the number of positively charged residues at
physiologicalpH .
c ) Metal ion binding sites
Each . Con A protomercontains2 metal ions ,
Mn + + and Ca + + ( Fig . 3 ) , whichare boundnear the top
of the moleculeand are about 5 . from each other
( Reeket al . 1974 , . Shohamet al . , 1978 ) . Both ions
are approximately octahedrally coordinated , and
both have four protein groups and i , wo water
moleculesa ligands . The ligands for Mn + + _ ion
are the side chains of Glu 8 , Asp 10 , Asp 19 and
His 24 and two water molecules. One of the water
ligands is apparently joined by a hydrogenbonding
network to the side . chain of Ser 34 and the carbonyl
oxygen of Val 32 , while the other is at the bottom
of a shallow solvent - filled depressionin the
surface of the molecule . Chemcal studies ( Kalb and














Fig . 3 . Schematicdrawing of the metal - binding region of
Con A
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Co++, Ni++ and Ca can replace D?n at this site.
The ligands for Ca++ ion are the side chains-of
Asp 10, Asn 14 and Asp 19 and the carbonyl oxygen
of Tyr 12. There are also 2 water ligands, one
hydrogen bonded to the side chain of Asp 208,
and the other to the carbonyl oxygen of Arg 228.
The Ca++ binding site shows a considerable metal
ion specificity. Cd++ can replace Ca++ (Shoham
et al., 1973) but studies conducted both in
solution (Shoham et al., 1.973) and in the crystal
(Becker et al., 1975) failed to reveal any
substitution of Ca++ by Ba++, Sm+++, Gd+++, Mg++
Mn++ or Ni++. Kalb' and Levitzki (1968) found
that the occupation of the Mn++ site by transition
metals was necessary before the Ca site could
bind Ca++, and that occupation of both of these
sites was necessary for the binding of
carbohydrate.
d) Saccharide binding sites.
Extensive solution studies in the ability
of various carbohydrates to inhibit the precipit-
ation of specific polysaccharides (Goldstein
et al., 1965; Poretz and Goldstein, 1970) in-
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dicated that Con A can bind glucosyl and mannosyl
residuesat the non - reducing. termine of oligo - and
polysaccharidesas well as certain specific non -
terminal mannosyl residues . The bound residue
appears to interact with the protein through hydro -
gen bonds involving the anomeric oxygen and the
hydroxylgroupsat C - 2 , C - 3 , C - 4 and C - 6 . Alpha
anomersare bound more strongly than « - - anomers, and
an axial hydroxyl group at C - 2 appears to permit
more favourable interactions than an equatorial
group . . Equatorialhydroxylgroupsat C - 3 and C - 4
and an unmodifiedhydroxymethylgroup at C - 6 are
strictly required for binding ( Goldstein et al „
1965 , Poretz and Goldstein, 1970 ) .
Recent diffractionstudies ( Becker et al . . ,
1976 ) on a cross - linked Con A - saccharidecomplex
have indicated that the specific saccharide binding
site ' is in a shallowpocket at the top of the mole -
cule , , approximately- 13 Afromthe Mn V ( rig 4 ) *
Although the specific contact residues cannot as
yet be identified, the site is near residues15 , 98 ,
168 , 208 , 226 , 236 . The saccharidebinding site of
Con A is suggestedto be a polar group , presumbly
involving a carboxyl group such as glutamic or
17
Fig . 4 . Schematicdiagram of the Con A tetramer . Binding
site s for Ca + + , Mn + + , - ( o = iodophenyl) • - D - glucopyrano-
side ( - IPGlc ) and specific saccharidesare indicated
by Ca , Mn , I and S , respectively
Fig . 5 . Stereoscopicrepresentationf the polypeptide






aspartic acid . The adjacient apolar area may be
the tyrosine . residue . Thus , one can visualize
hydrogen bonding between the sugar and the polar
site , the interactionof which is stabilized by
the adjacienthydrophobicarea ( Doyle , 1970 ) .
e ) Three - dimensionalstructure of Con A molecule
The polypeptidechain is folded into - a
compact . ellipsoidaldome , approximately40 x 39 A
in cross sectionand 42 . high ( Beckeret al , ,
1975 Cunninghamet al „ 1975 Wang et al , , 1975 ) .
The folding is dominatedb % 2 large - - structures
or pleated sheets , which together contain more
than half of the amino acid residues in the
molecule( Fig 5 ) . Near the base , the protomeris
somewhatthinner , being about 40 x 25 ° A at the
narrowest point . The molecular surface is general -
ly smooth and uninterruptedwith the exception of
a large cavity which extends deep into each
protomerat the low right in Fig 5 .
Individualsubunits are paired base - to - base
across an axis of two - fold symmetryto form
ellipsoidal dimers approximately84 x 40 x 40
in size ( Fig 4 ) . In this assembly, the large
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-structures at the back of each protomer are joined
edge to edge in.such a manner that 3 residues at
the bottom of one monomer, Ala 125, His 127 and Met
129 can form -structure-type hydrogen bonds with
the same residues in the other monomer. This ext-
ension of the -structure across the monomer-monomer
interface means that the entire back of the Con A
dimer is a single pleated sheet made up of 12 chains,
six from each protomer (Fig. 6). There are many other
non-covalent interactions between the two members of
a Con A dimer, including eight additional hydrogen
bonds and a total of about 194 atoms in Vander
Waals contact (Becker et al.,1975; Cunningham et al.,
1975; Wang et a14.,1975).
The dimers are paired back-to-back across
additional twofold axes to form teteamers, in which
the -structure at the back of each dimer faces the
analogous structure of the other. The interactions
between dimers mainly involve side chains, while
those between monomers involve a significant number
of main-chain atoms. The interaction between dimers
are more varied than those between monomers, includ-
ing seven hydrogen bonds and three salts links per







Fig . 6 . Structureof the Con A dimer . a ) two protomersrelated
by a twofold axis at the centre of the figure .
b ) details of the interactionbetween n - structuresin
the region of contact at the centre of the dimer .
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The formationof a protein dimer by inter -
subunit p - structure formation has also been
observedin the structure of insulin ( Adams et al „
1969 ) . It is worth nothing that the regions of
monomer - monomer contact in those two proteins
appear to be quite similar , in that both proteins
have a grouping of large uncharged side chains
near the intersubunittwo - fold axis : Phe B 24 ,
Phe B 25 and Tyr B 26 in insulin, and . lieu 126 , His
127 , Phe 128 , Met 129 and Phe 130 in the Con A
molecule . This structural similarity may be re -
lated to the insulin - like biological activities
of Con A ' ( Cuatrecasasand Tell , 1973 ) .
2 . Biologicalpropertiesof Con A
Since its discovery , extensive investigat -
ions have been carried to study various aspects
of Con A . Many propertiesof Con A ' were discover-
ed which make it become an invaluabletool for
research in Cytology , Biochemistry, Immunology,
Virology , Microbiology and most importantly in
cancer cell research . The biological properties
and applicationsof Con A are summarizedin Table
4.
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Table 4. Biological properties and applicatiohn of Con A
Properties Applications
1. Binding of sugar and precipitation of
polysaccharide and glycoprotein
2. Induction of mitosis in lymphocytes
3. Agglutination of malignant cells
4. Agglutination of erythrocyte
5. Agglutination of other normal cells
e.g. embryonic cells, sperm, lung cells
kidney cells, blastospore of yeast.
Isolation and purification of carbohydrates-containing
molecules by affinity chromatography
e.g. Immunoglobulin, Interferon, Other lectins,
Glycoprotein hormones (HCG, LH, FSH),
Insulin receptor of fat cells
Structural study of glycoprotein-containing tissues.
e.g. Human skin, Blastospere wall & vegetative cell
wall of yeast, Lymphocyte cell membrane
Model for antigen-antibody reactions
Aid in examination of the biological events involved in
the initiation of cell division.
Study of chromosomal constitution of lymphocyte cells
Detection of chromosome abnormalities
Investigation of architecture of cell surface and its
change upon transformation
Inhibition of unlimited growth of tumour cells by
regain of contact-inhibited growth
Typing of human blood
Structural study of blood group substances
Identification of the new blood type
Structural studies of the cell envelope during certain
physiological processes
e.g. fertilization, aging of lvmphocytes, differerti-
ation of empryonic cells.
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a) Mitogenic stimulation of lymphocytes by Con A
(1) Nature of the mitogenic response
One of the most dramatic effect of the
interaction of Con A with cells is the trig-
gering of quiescent, non-dividing lymphocytes
into a state of growth and proliferation, i.e.
the ability to stimulate a mitogenic response
in normal lymphocytes (Stobo et al,,1972). This
occurs when only about 5% of 'the Con A sur-
face receptors are occupied (Andersson et al.,
1920; Stobo et al.,1972) and is reversible by
the use of appropriate Con A inhibitor (Powell
and Leon, 1970).
In earlier studies, mitogenic stimulation
was estimated by counting under the microscope
the number of lymphocytes that have been trans-
formed into large, blast-like cells as a result
of prolonged incubation with the mitogen test-
ed. A modification of this method is to pulse
labelled the cells with radioactive thymidine
and examined by autoradiography (Shapiro and
Levina, 1967). Routinely, however, mitogenic
stimulation is now determined by measuring
24
the increase.in the rate of incorporation of labelled
thymidine, uridine or leucine into DNA, RNA or prot-
ein respectively, after suitable periods of incubat-
ion of the lymphocytes with the nitrogen tested.
Although these methods give an average value for
the whole cell population, there is evidence that
the increase in DNA, RNA and protein synthesis
accurately reflects the number of cells stimulated
(Powell and Leon, 1970; Novogudsky and Katchalski,
1971; Imbar et al., 1973; Maccecchini and Burger,
1977).
Con A exhibits pronounced specificity with rest-
pect to the type of lymphocyte it activates only T
cells, but not B cells are sensitive to Con A sti-
mulation (Anderssori et al, 1972a; Stobo et al., 1972).
However, in a mixture of T and B cells a minor pro-
portion of the B cells will be stimulated by Con A.
There is evidence that this activation is mediated
by a soluble factor, a factor produced by stimulated
T cells. B lymphocytes also respond to Con A when
this lectin was insolubilized by binding to.sepha-
rose beads (Andersson et al.,1972b). These findings
offer to explain the cooperation in vivo between T
and B cells, thus leading further evidence to the
25
belief that stimulation by mitogenic Con A can serve
as a model for the study of the immune system.
a key requirement for the determination of the
mechanism of action of lymphocyte stimulants is to
establish whether the stimulant simply imparts a
trigger effect and is not required thereafter, or
whether it need be present continuously. Studies
showed that addition of inhibitory sugar up to 6
hours after Con A incubation completely suppressed
thymidine incorporation, whereas addition of in-
hibitor after 22 hours of Con A incubation caused
only partial inhibition (Powell and Leon, 1970).
Lymphocytes thus seem to become committed to DNA
synthesis, even in the absence of surface-bound
mitogen at least 24 hours before the initiation of
DNA synthesis. In addition, the kinetics of commit-
ment, where commitment refers to the ability to
carry out DNA synthesis independent of the presence
of mitogen, has been investigated recently in a
study in which the response of individual mouse
spleen cells to Con A stimulation was analyzed by
autoradiography and histological staining, together
with measurements of thymidine incorporation (Gun-
ther et al., 1974). It was found that different cells
26
required different induction periods and became
committed at various times during the first 20
hours after addition of Con A. Once stimulated,
the cells synthesized DNA at the same average
rate, regardless of the commitment time required.
(2) Mechanism of mitogenic stimulation.by Con A
The mechanism by which Con A exert its
stimulating effects on lymphocyte is completely
obscure, but it is generally accepted that the
initial step, or "first signal" is binding of
the molecules through its sugar-binding sites
to cell surface receptors. Binding may lead to
modification of membrane structure and function,
resulting in the generation of a trigger or
"second signal", the transmission of which to
the interior of the same cells initiates a series
of biochemical events culminating in cell growth
and poliferation.
The various steps currently assumed to be
involved in the mechanism of lymphocyte activat-
ion are discussed in the following paragraphies.
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(i) Binding of Con A to cell surface
The first and must event to occur is the
binding of the Con A, molecule to the receptors
on the cell surface. The receptors are probably
carbohydrate-containing groups (glycoproteins
or glycolipids). If the lectin is prevented
from binding, no mitogenesis occurs (Sindt-Jovin
and Berg, 1971 Cline and Livingston, 1971
Noonan and Burger, 1973a). However, of the
total number of nitrogen receptors present
on the surface of lymphocytes (about 1.7 x 106
to 1.1 x 107 molecules/cell), binding of Con A
to only a small proportion seems to be
necessary for stimulation. For example, at
concentrations of Con A that give maximal
stimulation of mouse lymphocytes, only 3.5%
of the total number of receptors for these
lectins were occupied (Stobo et al., 1972
Inbar et al., 1973). Furthermore, there
is now good evidence that Con A can induce
mitogenesis without entering the cell
(Andersson et *al., 1972b Ono et al., 1973).
Con A covalently attach to large, insoluble
supports such as plastic culture dishes or
sepharose beads are found to be mitogenic
28
under conditions in which only a negligible
amount of the Lectin is lost from the support.
This result strongly suggests that plasma
membrane events may be of crucial importance
in the initial phases of mitogenesis
(ii) Structural changes in the membrane
Since binding of a mitogen to the lympho-
cyte surface is a prerequist for mitogenic
stimulation, it has been assumed that the im-
mediate changes observed in the cell surface
may be directly related to the initiation of
activation. Among the earliest cell membrane
modifications produced by mitogenic agents are
changes in fluidity. A prompt increase in
membrane fluidity was found
(Barnett et al., 1 974) with the aid of spin-
labelled fatty acid derivatives in lympho-
cytes treated with Con A. This increase reach-
ed a maximal value after 15-20 minutes of
treatment with the lectin. The Con A dose-
response curve for early changes in fluidity
and for mitogenesis are quite similar. Major
alternation in the CH stretching, CH deformat-
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ion and CC stretching regions was observed for
isolated plasma. membrane from resting thymocytes
mitogenically stimulated with Con A (Schmidt-
Ullrich et al., 1976), indicating a different lipid
architecture in the membranes from activated cells.
The discovery that capping of receptors on
lymphocyte surface occurs as a result of binding
of lectins to these cells has prompted the view
that receptor redistribution might constitute or
initiate a trigger signal for activation. However,
no correlation was found between capping and
stimulation. Con A induced cap formation on B
lymphocytes as efficiently as on T lymphocytes,
but only the latter cells were stimulated
(Andersson 1972c Greaves and Janossy, 1972).
On the other hand, based on the observation that
agents such as colchicine, vinblastine, and
vincristine that disrupt microtubular structures
.in the cytoplasm also inhibit immobilization of
receptors by Con A (Edelman et al., 1973 Yahara
and Edelman, 1973) -as well as Con A-induced
mitogenesis (Edelman et al., 1973 Wang et al.,
1975b Sherline, and Mundy, 1977 Dunlap, and
Donaldson, 1978). Edelman et al (1973) suggested
that lymphocyte activation involved alterations
30
in the anchorage of lectin receptors in the
microtubular apparatus of the cell. Also,
microfilament-disrupting cytochalasin B (5-10
jig/ml) suppressed phytohemagglutinin-stimilat-
ed mitogenesis suggesting that microfilament
system may also*be involved in the Con A-
induced structural change of the lymphocyte
membrane. Modulation of cytoskeletal elements
by pertrubation occurring at the-outer surface
of the cell can best be visualized to take
place via glycoprotein receptors that penet-
rate the membrane and are in contact with the
microtubule-microfilament system (Yahara and
Edelman, 1973) as demonstrated in erythrocyte
V. (Steck, 1974).
(iii) Biochemical trigger
Two biochemical changes, both of which
are known to have important regulatory funct-
ions in the cells, have been postulated to be
directly related to the initiation of.lympho--
cyte activation by Con A. 1) a change in the
amounts of the cyclic nucleotides, cyclic AMP
and cyclic GNP and 2) an increase in the
intracellular level of the Ca++ and K+ cations.
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The role of cyclic AMP in the mitogenic stimul-
ation of lymphocytes by Con A is highly controversial,
Human lymphocytes have been shown to undergo early
increase in cyclic AMP levels in response to Con A
or phytoheyiagglutinin. Changes in cyclic AMP level
are demonstrable within a min of Con A contact sug-
gesting that the response is initiated at the cell
surface (Smith et al,, 1971 Lyle. and Parker, 1974).
Con A stimulates cyclic AMP accumulation through its
ability to interact selectively with carbohydrate
receptors on the cell surface (Lyle and Parker, 1974),
on the. other hand, Novogrodsky and Katchalski
(1970) reported that no corresponding change could
be detected in the intracellular adenyl cyclase
activity in human lymphocytes or cyclic AMP level
and, in fact, cyclic AMP has been found to inhibit
mitogenesis (Hadden,.1972 Watson, 1975). It has
also been reported that compounds such as prosta-
glandins or catecholamines, known to increase intra-
cellular cyclic AMP levels, inhibited lymphocyte
stimulation by phytohemagglutinin (Hirschhorn et al,,
1970 Novogrod'sky.and Katchalski, 1970).
Evidence for the role of cyclic GMP in mitogenic
stimulation is also contradictory. It has-been shown
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that Con A caused an increase in the concentration
of lymphocyte cyclic GMP (Hadden et al,, 1972, 1976
Watson, 1975), which increased 10- to 50-fold in
the first 30 minutes. following cell exposure to
mitogen and then returns to the original level after
approximately an hour (Hadden, 1972 Watson, 1975).
Also, agents capable of stimulating synthesis of
cyclic GMP, such as phorbol esters, are reported to
be mitogenic (Mastro and Mueller, 1974 Wang et al,,
1975b). If so, then cyclic GMP must serve as a sig-
nal or trigger to induce subsequent events, because
its level is not elevated throughout the mitogenic
response. However, other workers reported that
essentially-no change in cyclic GMP levels in sti-
mulated cells could be demonstrateu (Burleson and
Sage, 1976).
An twofold increase in the early uptake of
calcium by lectin-stimulated lymphocytes has been
observed as early as 1 minute following exposure to
the mitogen and was sustained throughout the period
of blast transformation and DNA synthesis (Allwood
et al., 1971 Whitney and Sutherland, 1972a, 1973).
Incubation of lymphocytes with EDTA in amounts
sufficient to chelate the available Ca++completely
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inhibit mitogenic stimulation (Whitney'and Suther-
land, 1926). The increased rate of Ca++ uptake is
found to be due to an increased affinity of membrane
carriers for Ca+ (Whitney and Sutherland, 1973).
Recently it has been show that a calcium ionophore
A23187, whose action is to transport calcium ions
into cells, would be itself cause activation of
lymphocytes (Maino et al,, 1974). The requirement
for Ca+ in mitogenesis may be related to the pro-
posed involvement of intracellular filamentous
elements. Both microtubules and microfilaments have
been implicated in mitogenesis by the observation
that both colclricine, and vinca alkaloids (Edelman
et al,, 1973 Wang et al,, 1975b), which disrupt
microtubule structure, and cytochalasin B (Yoshi-
naga et al,, 1972), which inhibit microfilament
formation, are potent inhibitors of lectin-induced
mitogenesis.
Changes in the concentration of K+ have also
been postulated that K+ acts as a second signal in
mitogenic stimulation. A two-to-three-fold increase
in the.rate of K+ influx-is observed beginning
approximately 1 hour after treatment of human lymph-
ocyte with mitogen (Quastel and Kaplan, 1970a, b).
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No corresponding increase in the rate of K+ efflux
is observed. The increased rate of K+ influx 'is due
to an increased number of membrane-associated Na+, K+_
ATPase molecules and ouabain, a specific inhibitor
of the enzyme effectively block cell stimulation in
a reversible fashion at any stage of the mitogenic-
response (Quastel and Kaplan, 1970a). This argues
strongly that continued functioning of the Na+-, K+
ATPase is required throughout the mitogenic response.
At-present, one can only speculate about the
relation in mitogen-treated lymphocytes between the
metabolic changes and, the structural changes in the
membrane discussed in the previous section, and the
initiation of DNA synthesis and cell division.
According to one model (Maino et al,, 1974),' clusterr-
ing by mitogenic lectins-of cell surface receptors
spanning the lipid region of the membrane leads to
the formation of polar channels that facilitate the
entrance of ions into the cell. The influx of Ca
would then lead to changes in the intracellular
levels of the cyclic nucleotides, cAMP and/or cGMP,,
resulting in cell activation. Another model (Hughes,
1975) suggests that perturbation of lectin receptor
sites causes realignment of other surface molecules
35
via the modulation of a common anchorage sys-
tem. Such a realignment would convert inactive
enzyme subunits in the membrane into avtice
enzyme complexes. A possible candidate could
be adenylate cyclasc, a membrane glycoprotein
(or guanylate cyclase), activation of which
would constitute the biochemical event in
lymphocyte stimulation.
(iv) Phy-siological responses
Mitogenic triggering of lymphocytes to
proliferate is accompanied by a variety of
physiological processes which are probably
secondary consequences of earlier mitogenic
events.
Lectin stimulation of lymphocytes leads to
an increased uptake of certain metabolites
including glucose (Peters and Hausen, 1971
Averdunk, 1972 Yasmeen et ale, 1977), uridine
(Peters and Hausen, 1971) and amino acids
(Averdunk, 1972). Saturation experiments have
shown that this change is due to an increase
in V, whereas the apparent Km value remains
constant. Thus, the mitogen is suggested to
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induce an increase in the number of functional
carrier sites of the membrane transport system
(Peters and Hausen, 1971). On the other hand, other
workers have found that transport of amino acids
was inhibited after Con A binding to the transform-
ed cells but not in normal cells and the transport
of D-glucose and D-galactose was more strongly
inhibited by Con A in transformed than in normal
cells (Inbar et al.,1971). These results can be
explained that Con A receptor sites are associated
in normal cells with transport sites for sugars and
in transformed cells with transport sites for amino
acids.
Mitogens also stimulate DNA, RNA and protein
synthesis. The DNA polymerase activity of mitogen-
treated human lymphocytes increases 30- to 100-fold
(Loeb et al.,1968). The increase in DNA polymerase
activity as measured in disrupted cell preparations
is correlated both quantitatively and temporally
with the ability of these cells to incorporate
thymidine into DNA (Powell and Leon, 1970; Novo-
grodsky and Katchalski, 1971). Maximal incorporation
of thymidine occurs at about 72 hr and the reaction
is inhibited by sugars such as -methyl-D-mannoside
or -D-glucoside. Lymphocytes incubated for 20, 46
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and 72 hr with mitogen show a progressive increase
in DNA-dependent RNA polymerase activity pernucleus
(Handmaker and Guaef, 1970 Pogo, 1972). This is
supported by the fact that Con A stimulates incor-
poration by the human lymphocyte of uridine into
RNA (Lucas, 1967 Powell and Leon, 1970 Novogrodsky
and Katchalski, 1971). Stimulation, measured by
uridine uptake, is proportional to the dose of Con
A employed (Novogrodsky and Katchalski, 1971). With-
in 30 min of incubation, phytohaemagglutinin, another
mitogen, causes a significant stimulation of the in-
corporation of 3H uridine into RNA of human lympho-
cyte (Kayy, and Cooper, 1969). In addition,* addition
of phytohaemagglutinin to cultures of human peri-
pheral leucocytes stimulates protein synthesis of
the cells as measured by incorporation of 14C-
leurine (Mueller and.Mahieu, 1966).
Human lymphocytes treated with mitogens undergo
extensive gene activation, as evidenced by augment-
ed synthesis of ribonucleic acids (Lucas, 1967
Powell and Leon, 1970 Novogrodsky and Katchalski,
1971). This activation is-preceded by an early
stimulation- changes in the metabolism of the
chromatin (Kleinsmith et al,,1966 Pogo et al„ 1966).
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In small lymphocytes the acetylation of'some his-
tones occurs at a greatly increased rate, and it
appears to precede the increase in the-rate of
nuclear RNA synthesis (Pogo et al,,1966). In addit-
ion, the rate of phorphorylation and dephorphory-
lation of nuclear proteins is greatly enhanced.
This finding is consistent with a hypothesized role
of phosphoproteins in the modification of chromatin
structure and in modulation of the template activity
of DNA in vivo (Kleinsmith et al,,,1966).
Stimulation of lymphocytes by mitogens also
alter the caz'bohydrate and lipid metabolism. It was
found that phytohemagglutinin induced a direct
decrease of the ATP plus ADP levels and a direct
increase in lactate and pyruvate production. After
2.hours an increase was induced in the levels of
ATP and ADP, glucose. 1, 6-p2 and 2, 3-p2-glycerate.
Thus, it is concluded that in vitro phytohaemagglut-
inin begins with the stimulation of energy consuming
processes (Roos and loos, 1970). The energy demand
is met by enhancement of glycolysis and after about
2 hr the functioning of the Kreb cycle (Roos and
Loos, 1970). In addition, a dramatic increase in
the incorporation of p320 4 3 into phosphatidyl
inositol and the metabolic turnover of phosphatidy-
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linositol, but-not other membrane phospholipids,
has also been shown to take place within-the
first 30 min after stimulation of human lympho-
cytes by -mitogen. (Kay, 1968 Fisher and Mueller,
1968, 1971).
The approximate'sequence of events occurred
in mitogenic stimulation of cell proliferation
is as follows (1) binding of the mitogen to the
lymphocyte surface. (2) changes in cell permea-
bility, transport system and levels of CAMP/
cGMP. (3) modification of lipid, carbohydrate,
and•nucleotide metabolism. (4) stimulation of
histone acetylation, nuclear protein phosphory-
lation, and RNA synthesis. (5) morphological
changes in nuclear and cell size and shape and
cell surface changes, and (6) DNA synthesis.
and (7) mitosis. A summary of the physiological
responses observed in lectin-stimulated lympho-
cytes is listed in Table 5.
b). Cell agglutination
Agglutination is the most easily detectable
manifestation of the interaction of a lectin
with cells. For agglutination to occur, the
40
Table.5. Metabolic changes observed during the lectin-induced
mitogenesis of lymphocytes
Biochemical responses Greatest effect
observed at
Binding of Con A to cell surface
of lymphocytes
15- 20 minIncrease in membrane fluidity
1 min- 48 hrIncrease in Ca++ concentration
20 minIncrease in cGMP concentration
2 hrIncrease in K+ transport
2 hrIncrease in lipid turnover






48 hrInitiation of DNA synthesis
72 hrMitosis
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lectin must bind to the cell surface and form mul-
tiple cross-bridges between opposing cells.
Interest in the study of agglutination by lectins
has been greatly stimulated by the observations on the
marked difference in agglutinability between normal
and malignant cells (Inbar and Sach, 1969). Selective
lectin agglutination of transformed cells was first
observed by Aub et al (1963), who find that, When a
crude preparation of wheat germ lipase was added to
suspensions of isolated mouse lymphoma or ascites
tumor cells, the cells agglutinated while normal but
untransformed cells remained dispersed. In the relat-
ively short period since these original observations
were made many lectins have been examined and found
to agglutinate selectively the transformed,but not
the normal, cells from a variety of sources, includ-
ing cells of both fibroblastic and lymphoid origin.
For example, whereas normal mouse rat, rat, and
hamster fibroblasts show no agglutination while
treated with 500 ug/ml Con A, considerable agglutin-
ation is observed after transformation with SV-40
virus, or polyoma virus, X rays, or chemical carcino-
gens such as dimehylnitrosamine and benzopurene (In-
bar and Sachs, 1969; Weber, 1973) at Con A concent-
ration as low as 1 ug/ml.
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Although untransformed cells are ordinarily
resistant to lectin.agglutination, two situations
exist in which normal cells become transiently
agglutinable. One is when they are treated with
proteolytic enzymes. Brief proteolysis renders normal
cells as agglutinable as transformed cells by Con A
(Inbar. and Sach, 1969), but it does not ordinarily
affect the agglutinability of transformed cells.
Ozanne and Sambrook (1971) also found that untrans-
formed mouse 3T3 cells became as agglutinable by
Con A as SV-40 virus-transformed. 3T3 cells after
treatment with low concentration of trypsin. The
changes in the normal cells surface produced by
proteolytic digestion, however, are not permanent.
Trypsinized normal cells revert to their nonagglu-
tinable state after a few hours of growth in tissue
culture (Ozanne and Sambrook, 1971). It is believed
that trypsin treatment increases the agglutinability
of untransformed fibroblasts without changing the
total number of Con A binding sites available on
the cell surface (Inbar et al., 1971; Rosenblith et
al., 1973). In fact, normal and transformed fibro-
blast-type cells do not usually differ in the number
of binding sites for Con A (Arndt-Jovin and Berg,
1971; Cline and Livingston, 1971; Inbar et al.,
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1971). However, proteolytic treatment of normal cells
does increase the ability of Con A receptors to move
laterally in the plane of the plasma membrane to the
point where the receptors of treated normal cells
come to exhibit the same high degree of lateral
mobility found in transformed cells (Nicolson, 1972;
Rosenblith et al., 1973). Transformed cell surface
may actually come to resemble those of trypsinized
normal cells, because transformed cells themselves
synthesize and secrete a proteolytic enzyme which
has the same effect on the cell surface as exo-
geneously added trypsin. This view is supported by
the fact that proteolytic treatment causes untrans-
formed cells to lose their sensitivity to density
dependent inhibition of growth in culture (Burger,
1970; Sefton and Rubin, 1970).
A second situation in which untransformed cells
become transiently agglutinable with-lectins is
during the process of cell division (the M phase of
the cell cycle). For example, Shoham and Sachs
(1974) found that normal hamster fibroblasts became
agglutinable with low concentrations of Con A
specifically during mitosis, but that the cells
reverted to the nonagglutinable state during inter-
phase. A similar situation applies to BHK cells
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(Glick and Buck, 1973). Transformed cells also vary
in their sensitivity to lectin agglutination during
mitosis. For instance, hamster fibroblasts trans-
formed by ASV or by dimethylnitrosamine are agg-
lutinated by Con A during interphase but not during
M phase (Shoham and Sachs, 1974). increased agglu-
tinability of normal cells in M phase is consistent
with many other observations suggesting that the
surfaces of normal cells in mitosis bear an intri-
guing similarity to transformed cell surfaces.
Glick and Buck (1973) found that the set of fucore-
containing glycopeptides solubilized by trypsin
treatment. of mitotic BHK cells more closely resembl-
ed the set of glycopeptides obtained from trans-
formed cells than.the set obtained from interphase
normal cells. Also, a study of Con A receptor mo-
bility in CHO cells-revealed that, whereas these
receptors are relatively immobile during interphase
and they displace the same high degree of lateral
mobility during mitosis that one finds for thes3e
receptors in transformed cells (Garrido, 1975).
Besides the malignant cells, there are, how-
ever, many normal cell types that are agglutinated
at low lectin concentration. These include erythro-
cyte (Sumner and Howell, 1936), cells of embryonic
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origins (Kleinschuster and Moscona, 1972 Lallier,
1972), sperm (Edelman and Millette, 1971), mouse
spleen cells, mous bone marrow cells (Liske and
Franks, 1968), yeast-cells (Kawanabe et al„ 1978).
and gametes of Chlamydomonas (McLean and Brown,
1974). Thus, it is possible that the correlation of
agglutinability with transformation would become
much less clear if a wider range of cells were in-
vestigated,
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c) Specific binding with carbohydrates
The initial studies in the biological acti-
vity of Con A involves binding of the protein to
cell surface receptors. The nature and mechanism
whereby such binding may occur is dependent on
the nature of the cell surface carbohydrates and
the specificity of the Con A involved.
(1) Studies of sugar binding specificity
The carbohydrate-binding specificity of
Con A has been studies in great detail by 1)
Con A precipitation by naturally occurring,
and model, carbohydrate-containing macro-
mole:ules (Sumner and Howell, 1936 Cifonelli
et al., 1956 Manners and Wright, 1962 Gold-
stein et al., 1965a Goldstein and So, 1965
So and Goldstein, 1967 So and Goldstein,
1968 So and Goldstein, 1969 I,lyoyd et al.,
1969 Goldstein et al., 1969 Goldstein and
Misaki, 1970 Reeder and Ekstedt, 1971 Archi-
bald and, Coopes, 1971 Tze-Jou et al., 1973
Birdsell and Doyle, 1973 Doyle et al., 1973
Goldstein et al., 1973 Goldstein et al., 1974
Goldstein et al., 1974), 2) quantitative hapten
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inhibition of precipitation (Goldsteint al.,
1965b So and Goldstein, 1967, 1968, 1969 Lloyd
et al., 1969 Poretz and Goldstein, 19i0 Plow and
Resnick, 1970.. Goldstein et al., 1973), 3) dis-
placement of Con A bound to 'Sephadex' columns
by a variety of sugars (Agrawal and Goldstein,
1967, 4) equilibrium dialysis (Goldstein et al.,
1967 So and Goldstein, 1968 Yario et al., 1968),
5) UV spectroscopy (Doyle et al., 1968 Hassing
and Goldstein, 1970 Bessler et al., 1974) and
6) Proton Magnetic Relavation Dispersion (Brewer
and Brown, 1979).
(2) Binding of simple. sugars
The binding of simple sugars to Con A is
determined by hapten inhibition studies in which
the ability of the sugar to inhibit Con A-
polysaccharide interaction is examined (Gold-
stein et al., 1965a, 1965b So and Goldstein,
1967; Doretz and Goldstein, 1970 So and Gold-
stein, 1969)., sugars capable of binding to Con
A molecule should be able to inhibit the Con A-
polysaccharide interaction. The results are
summarized in Table 6. D-glucose, D-mannose,
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D-fructose and other inhibitors are able to bind to
the binding site of Con. A molecules. Results-of
various investigation also indicate that the carbo-
hydrate binding sites of Con A are most complementary
to the D-mannopyranosyl. residue (Goldstein et al.,
1965b So and Goldstein, 19681969 Goldstein et al.,
1973).
The structure of pyranosyl sugars capable of
binding Con A is shown in Fig. 7a. Although there
appear to be loci in the protein binding site for
each of the hydroxyl groups of the 6-carbon ring
structure (Poretz and Goldstein, 1970), the hydroxyl
groups which appear to be most critical for binding
to Con A a,re situated at positions C-3, 0-4 and C-6
of the pyranosyl ring system. Replacement of the
equatorial C-4 hydroxyl group of methyl -D-gluco-
pyranoside by an axial hydroxyl group (methyl. -D-
galactopyranoside) or by H (methyl 4-deoxy-OC-D-
xylo-hexopyranopyranoside) abolishes completely the
capacity of the resulting sugar to bind to Con A
(Poretz and Goldstein, 1970). These data suggest a
definite role for the C-4-hydroxyl group, and in-
dicate a highly specific complementary action very










binding site. Furthermore, substitution of the C-4
hydroxyl function by a highly electronegative fluo-
rine atom renders the resulting derivative (4-deoxy-
4-fluoro-D-glucose) inactive as an inhibitor of
dextran-Con A precipitation. This finding suggests
that it is the hydrogen atom of the C-4 hydroxyl
group which is involved in H-bonding with the pro-
tein. On the other hand, Con A can tolerate consider-
able variation at the C-2 position (Poretz and-Gold-
stein, 1970). The 2-deoxy deviative (2-deoxy-D-
arabino-hexopyranose) binds to the protein indicat-
ing that a C-2 hydroxyl group is not required for
binding to Con A. However, an axial hydroxyl group
at the C-2 position (the D-manno configuration) en-
hances the affinity of the saccharide for Con A
threefold whereas an equatorial C-2 hydroxyl group
(D-gluco configuration) diminishes the ability of
the resulting sugar to bind to Con A (Poretz and
Goldstein, 1970; Goldstein et al., 1974). In all
cases it is the -pyranosyl form of the above
sugars which bind to the Con A molecule.
Of great interest is the fact that certain
sugars in the 5-membered furanoid ring may also
bind to Con A (Fig. 7b) (Goldstein and So, 1965;
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Lewis et al., 1967 So and Goldstein, 1969). These
furanoid- sugars .possess configurational features in
common with the -D-hexopyranoses alluded to above.
Thus, the dipposition of the hydroxyl groups at C-3,
C-4 and C-6 of the D-fructofuranosyl residue and the
C-2, C-3 and C-5 of the D-arabinofuranosyl residue
is similar to the orientation of the hydroxyl groups
at C-3, C-4 and C-6 of the D-glucopyranosyl (or -
mannopyranosyl) residue (So and Goldstein, 1968).
For these reasons -and -D-%rarabinofuranose and n-
and -D-fructofuranose can bind to Con A. In this
way, Con A precipitates with plant -D-fructans and
with bacterial levans (Goldstein and So, 1965 Lewis
et al., 1967 So and Goldstein, 1969). Both of these
polysaccharides are branched and contain multiple,
terminal non-reducing -D-fructofuuanosyl residues.
Con A also precipitates arabinogalactans isolated
from the cell walls from species of the bacterial
genus Mycobacterium (Goldstein and Misaki, 1970).
These carbohydrate polymers possess.D-arabino-
furanosyl end groups (probably -linked).
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(3) Assessment of the specificity of Con A-mediated
biological activity
In all studies of Con A-substrate inter-
action, especially those that relate to Con A-
potentiated biological effect, it is important
to establish whether a specific interaction has
occurred between Con A and binding substrates.
This is usually determined by attempts to in-
hibit or reverse the binding phenomenon or bio-
logical activity promoted by Con A binding.
Several sugars which are known to interact with
Con A binding site have been studies. A list of
the more common sugars with their relative in-
hibition potency in the Con A-polysaccharide
precipitation system is presented in Table 7
(So and Goldstein, 1967, 1969;
Poretz and Goldstein, 1970). The sugar of-choice
is methyl- -D-mannoside ( MM). If this is not
available, D-mannose, D-glucose or sucrose may
be used. It has been found that the incorporat-
ion of thymidine into DNA was inhibited by sugar
in the order methyl -D-mannopyranoside, methyl
-D-glucopyranoside, D-mannoside (Powell and
Leon, 1970), this order parallels the known
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Table. 7. List of some inhibitors and non-inhibitors of
Con A-substrate interaction along with the ralative
potency compared to methyl--D-mannopyranoside set
at 100















affinities of these sugars for Con A (Goldstein
et al., 1965b So and Goldstein, 1967 Poretz
and Goldstein, 1970). Conversely, D-galactose,
a non-inhibitor of the Con A system has no effect.
Furthermore, inhibition of mitogenesis by methyl
of-D-mannoside has been shown to be proportional
to its concentration (Powell and Leon, 1970).
(4) Precipitation with polysaccharides and other
carbohydrate-containing molecules
Besides simple sugars, several polysaccha-
rides and carbohydrate-containing molecules are
also found to be precipitated by Con A. A list
of Con A-sensitive polysaccharides is shown in
Table 8. These information together with the
inhibition studies discussed above prompted the
formulation of a''chain-end mechanism' (Gold-
stein et al., 1965a Goldstein and So, 1965
Smith. and Goldstein,.1967 So and Goldstein,
1968-) for Con A-polysaccharide interaction in
which it has been suggested that Con A interact-
ed with the terminal non-reducing N-D-glucopy-
ranosyl, -D-mannopyranosyl or O -D-fructofurano-
syl residues at the end of the polysaccharide
chain.
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Yeast mannans and phosphomannans





Sumner and howell, 1936; Cifonelli et al., 1956;
Manner and Wright, 1962; Goldstein et al., 1965a;
Goldstein and So, 1965; So and Goldstein, 1967a, 1967b.
Sumner and Howell, 1936; Goldstein et al., 1965a;
Goldstein and So, 1965; So and Goldstein, 1968
Goldstein and So, 1965; Lewis et al., 1967;
So and Goldstein, 1969
Cifonelli et al., 1966; Goldstein and Iyer, 1966;
Doyle et al., 1968; Goldstein et al., 1974
Archibald and Coopes, 1971 Reeder and Ekstedt, 1971;
Birdsell and Doyle, 1973; Doyle et al., 1973;
Tze-Jou et al., 1973; Birdsell et al., 1975;
Doyle et al., 1975; Anderson et al., 1978
Goldstein and Misaki., 1970
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In addition to binding to saccharide chain ends
having the appropriate configuration, Con A also
interacts with internal 2-0-substituted oc-D-manno-
pyranosyl (and 2-0-substituted q-D-glucopyranosyl)
units situated in the interior or core region of
glycoproteins and polysaccharides, provided of
course, that these determinant sugars are accessible
to the protein (Goldstein et al., 1973 Kornfeld and
Ferris, 1975). Alpha-D-mannopyranosyl units sub-
stituted with a glycosyl residue at the C-2 position
are of rather common occurrence in animal glyco-
proteins (Marshal, 1972). The fact that these units
interact with Con A is consonant with the specific-
ity of the protein for the C-3, C-4 and C-6 hydroxyl
groups of D-mannose.
A new procedure for the isolation of glyco-
peptides and proteins which interact with Con-A
depends on their absorption to Con A'linked to in-
soluble supports, e.g. Con A-sepharose. In this way
a number of enzymes- brain lysosomal arylsulphatases
(Bishayee et al., 1'973) and -glutamyltransf erase
from rat kidney (Takahashi et al., 1974) glyco-.
protein hormones- human chorionic gonadotrophin,
luteinizing hormone and follicle-stimulating hormone
(Dufau et al., 1972 plasma components- QC -anti-
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trypsin protein (Liener et al., 1973) immunoglo-
bulins (Aspberg' .and Porath, 1970 Donnelly and Gold-
stein, 1970 Weinstein e t al., 1972 Errson and
Porath, 1974) antihaemophilic factor (Kass et al.,
1969) other lectins (Kessler and Goldstein, 1973)
and cell surface receptors from a variety of cells
(Allan et al, 197 2 Hunt et al., 1975) have been
isolated. Polysaccharides that interact with Con A
may also be purified by this techniques (Donnelly
and Goldstein, 1970 Lloyd, -1970).
D-Mannose is present as a component of a gly-
colipid from Micrococcus lysodeikticus, and the
mannosyl-glycerol obtained by alkaline hydrolysis
has been shown to inhibit the dextran-Con A precipit-
ation reaction to the same extent as methyl 0(-D-
mannopyranoside (Smith and Goldstein, 1967). The
u-configuration is, therefore, assigned to the
mannosyl-glycerol linkage, a result which has been
subsequently supported by chemical and enzymatic
analysis (Iiennarz and Talamo, 1966). However, the
interaction of Con A with glycolipids has not re-
ceived much attention, probably because glycolipids
are not easily dissolved in water.
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B. Teichoic acids in the cell envelop of Gram-
positive bacteria
1. Occurrence and location
Teichoic acids are polyolphosphate poly-
mers, which are found in virtually all Gram-
positive bacteria, where they are located
exclusively in the membrane, wall and capsule
(Braun and Hantke, 1974). These polymers have
been subjects of extensive studies since their
discovery by Armstrong e t al., (1958).
The teichoic acids are first detected as
components of the walls of several Gram-posit-
ive bacteria, from which they could be extract-
ed by treatment with cold trichloroacetic acid
(Armstrong et al., 1958). By disrupting the
bacterial cells wall, teichoic acids can.be
shown to be major wall components of many
bacteria where they-frequently represent be-
tween 20% and 50%. of the dry weight of the wall.
The'teichoic acid distribution is wide-
spread in Gram-positive bacteria, especially
in the bacilli, lactobacilli, streptococci,
staphylococci, micrococci and streptomyces,
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Their occurrence and structure can be of taxo-
nomic importance. The serological classificat-
ion of certain bacteria, e.g. lactobacilli-
(Sharpe et al., 1964), has been rationalized by
a study of the chemical structure of their
teichoic acids, which in many cases have been
identified as the main characteristic serolo-
gical components of the cells (Knox and Wicken,
1973).
Teichoic acids can be divided into two
broad classes depending on their cellular
locations.- wall teichoic acids and membrane
teichoic acids. Duckworth (1977) summarized the
differences between these two types of polymers
(1) The wall teichoic acids are covalently linked
to peptidoglycan of the cell wall and the mem-
brane teichoic acids are covalently linked to
lipid residues of the cell membrane.
(2) Wall.teichoic acids display a full range of
structural types containing glycerol phosphate,
ribitol phosphate and sugar-1-phosphate-residues
whereas membrane teichoic acids always appear
to be polymers of glycerol phosphate units join-
ed together by phosphodiester bonds.
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(3) Membrane teichoic acids are more common than
wall teichoic acids and this together with
the fact that (a) the presence of membrane
teichoic acids is almost independent to grow-
th conditions and that (b) they have a more
uniform structure.than wall teichoic acids,
could indicate that the membrane teichoic
acids are more important to the wall-being
of the cell than is the wall teichoic acid.
Although teichoic acids are characteris-
tically wall and membrane components, poly-
mers conforming to the chemical definition
of teichoic acids occur in Diplococcus
neumoniae as capsular substances (Rao et al.,
1969).
2. Structure
a) Ribitol teichoic acids
Ribitol teichoic acids are a group of
polymers of ribitol phosphate in which repeat-
ing units are joined-together by phosphodiester
linkage (Armstrong et al., 1958). The ribitol
teichoic acids of this type are confined ex-
clusively to bacterial cell walls, and the most
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extensively studied are those from strains of
staphylococcus aureus (Baddiley et al., 1962a-,
1962b). In all ribitol teichoic acids so far isolat-
ed, the phosphodiester linkages are between posit-
ions 1 and 5 on ribitol (Fig. 8). Most of the
ribitol residues possess a D-alamine ester residue
at the D-2 position and a glycoside residue at the
D-4 position. For staphylococcus aureus, the glyco-
sidic residue is an N-acetylglucosamine ino(-_or
p -linkage to the ribitol (Davison and Baddiley,
1963). In a strain of Bacillus subtilis the sugar
substituents are -glucopyranosyl (Armstrong et al.,
1961)', whereas in Lactobacillus arabinosus 17-5
they are C-glucopyranosyl (Archibald et al., 1961).
In the lactobacillus, additional o(•-glucopyranosyl
substituents occur at position 3 on some of the
ribitol residues.
The capsular material, e.g. in Diplococcus
.pneumonia-e, are carbohydrates, range from relatively
simple polysaccharides.through more complex repre-
sentatives, some of which are teichoic acids.-In
the capsular ribitol teichoic acids, the phospho-
diester linkages are between ribitol and a hydroxyl
on a sugar residue of a neighbouring unit thus the
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Fig. 9. Capsular substance from Diplococcus pneumoniae type 34
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(Rao et al., 1969). The structure of the type-
sensitive substance from the type 34 organism is
given in Fig. 9. This compound contains in its
repeating unit two galactofuranosyl, one galacto-
pyranosyl, one glucopyranosyl, one acetyl and one
ribitol phosphate (Chittenden et l., 1968).
They differ, however, from the conventional ri-
bitol teichoic acids in lacking alanine residues
(Rao et al, 1966),
b) Glycerol teichoic acids
Glycerol teichoic acids are polymers of
glycerol phosphate in which phosphodiester link-
ages join the 1- and 3-positions of adjacent
glycerol residues (Kelemen and Baddiley, 1961),
and they are membrane teichoic acids. Subsequent
studies support the conclusion that all membrane
teichoic acids are of this structural type
(Baddiley and Davison, 1961; Davison and Baddiley,
1963; Archibald et al., 1968). Glycerol teichoic
acids can be divided into three classes:
(1) Poly-ol phosphate chain
These polymers (Fig. 10) of glycerol
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Fig. 10. A typical glycerol teichoic acid
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phosphate residues are linked through phospho -
diester residues between the 1 - and 3 - position
of adjacent glycerols . Glycosyl substituents
are found on 2 - hydroxyl groups of occasional
residues and alanine ester residues occupy
hydroxyl groups on most of those glycerol re -
sidues that are not glycosylated( Cutchley et
al . , 1962 ) . In streptococcusfae al is NCIB 8191 ,
each glycerol is substitutedwith oC - D - glucopy -
ranosyl - ( 1 a 2 ) - o ( - D - gluco pyranosyl ( ko j ib i o syl )
residues and the alanine residue occupy un -
identified sugar hydroxyl groups ( Wicken and
. Baddiley, 1963 ) . In preparationsfrom stag -
lococcus albus NCTC 7944 , about one third of the
glycerol residues are substitutedby N - acetvl -
galactosaminylresidues at the 2 - position
( Ellwoodet al . , 1963 ) . All of the glycerol
phosphate units in Bacillus substilis NCTC 3610
are substitutedby c - D - glucosyl residues ( Glaser
and Burger, 1964 ) .
( 2 ) Polymers in which glycosidicallyinked sugars
are part of the chain
Glycerol teichoic acids are also known in
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which glyrcosidi.cally linked sugars are part of the
chain. Burger and Glaser (1966) described that con-
current existence of polymers of glucosylglycerol
phosphate and. galactosylglycerol phosphate in
separate molecules in the.wall that containing
glucose of Bacillus licheniformis ATCC 9945 (Fig. 11).
In Lactobacillus plantarum NIRD C106 a mixture
of related teichoic acids occurs (Adam et al.-, 1969).
In this case, however, the mixture is one of a
polymer-of glucosyl glycerol phosphate and two
polymers of isomeric diglucosylglycerol phosphate
(Fig. 12). The characterization of this mixture has
been studied by the use. of Con A (Archibald and
Coapes, 1071). The precipitate formed from the
teichoic acid and Con A contains a polymer composed
entirely of -D-glucopyranosyl (1--2) D-glucopy-
ranosyl (1--1)-L-glycerol 3-phosphate, and material
containing repeating units of -D-glucopyranosyl
(1-3) (-D-glucopyranosyl. (141)-L-glycerol 3-phosphate
remains in the supernatent. Therefore it is concluded
that the different repeating units occurring in at
least two and probably three separate polymers
(Archibald and Coapes, 1971).
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Fig. 11. Glucosylglycerol phosphate teichoic acid from
Bacillus licheniformis ATCC 9945
Fig. 12. Mixture of teichoic acids in walls of Lactobacillus
plantarum NIRD C106
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(3) Glycerol polymers containing sugar 1-phosphate
residue
A polymer of this type has been isolated
from staphylococcus lactis I 3 (Archibald et
al., 1968a, 1971). It contains a repeating
unit in which glycerol phosphate is attached
to the hydroxyl at C-4 on N-acetylglucosamine
1-phosphate with D-alanyl residue on the
hydroxyl at C-6 (Fig. 13). A similar com-
pound occurs in a related micrococcus
(Archibald and Heptinstall, 1971) and there
is evidence for the occurrence of related
teichoic acids in other organisms (Archibald
et al., 1968b).
c) Polymers of sugar 1-phosphate residues
Other polymers containing sugar 1-phosphate
residues occur in the walls of several bacteria.
Although these lack polyol phosphate residues
and so are strictly not teichoic acids, their
occurrence, structure and properties are similar
to teichoic acids (Duckworth, 1977). In stapf-
lococcus lactis NCTC 2102, there is a simple
polymer of c -N-acetylglucosamine 1-phosphate
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Fig. 13. Teichoic acid containing sugar 1-phosphate linkages
from the walls of Staphylococcus lactis I3
Fig. 14. Structure of the phospharylated polysaccharide in
the walls of Staphylococcus lactis 2102
Fig. 15. Structure of the phospharylated polysaccharide
extracted from the cell walls of Micrococcus sp A1
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(Fig. 14) in which the phosphate joins with the
hydroxyl at C-6 on an adjacent unit (Archibald
et al., 1968b). The walls of Micrococcus SP.A1
contain a polymer of 3-0- -D--glucopyranosyl-N-
acetylgalacto samine 1-phosphate (Fig. 15) in
which linkage to the adjacent unit is through a
phosphodiester at a hydroxyl on C-6 of glucose
(Partridge et al., 1971),
3. Linkage of teichoic acid to wall and cell
membrane
a) Linkage with peptidoglycan
The slow extraction of teichoic acids
from walls by the use of trichloroacetic acid
suggests that they are bound covalently to the
peptidoglycan of the wall (Armstrong, 1958).
Provided that the wall-associated lytic enzyme
are destroyed or prevented from hydrolysing
the peptidoglycan, wall preparation can be
washed exhaustively with water or buffers
without the removal of the teichoic acid
(Armstrong, 1958).
Preparation that have been extracted from
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walls with acids contain a small proportion of
their phosphates as phosphomonoester. , representing
the ends of chains ( Stromingerand Ghuysen , 1963
Ghuysenet al . , 1965 ) . If , however, the materialis
prepared by paitial enzymatic destruction of the
peptidoglycancomponent of the wall , the resulting
teichoic acid would have attached to it small frag -
ments of peptidoglycan and no phosphomonoester
residues . Thus , it is concludedthat the teichoic
acid is probably attached to the peptidoglycan
through its terminal phosphate group in the form of
a phosphodiester( Strominger and Ghuysen , 1963
Ghuysenet al . , 1965 ) .
The attachment of an acidic polysaccharideto
the wall of a lactobacilluscell is also ' believed
to occur through a phosphodiesterlinking the pep -
tidoglycan with reducing end of the polysaccharide
chain ( Hall and Knox , 1965 Knox and Hall , 1965 ) .
Moreover, Liu and Gotlschlich( 1967 ) isolated mura -
mic acid phosphate from the mild acid hydrolysed
products of many Gram - positive bacteria , indicating
that teichoic acid is joined to the glycan chains
of the peptidoglycanby a phosphodiesterbond from
muramic acid to the terminal phosphateof the tei -
choic acid . In a study with staphylococcus- lactis 13 ,
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it is suggested that a glycerol residue is attached
through a phosphodiester linkage to probably the
hydroxyl on C-6 of a muramic acid in the peptido
glycan (Button et al., 1966).
Mirelman et al (1971) found that glycerol
residues in partially purified cell wall of staphy-
lococcus aureus H. As the walls are thought not to
contain a glycerolteichoic acid, this glycerol has
been ascribed to contamination of the wall with
membrane components. However, exhaustively purified
walls of a mutant of S. aureus H still contained
traces of glycerol, the location of which has been
studied (Heckel et al., 1975). The results indicate
that the .ribitol teichoic acid in the walls of S.
aureus H is joined to a chain of three glycerol
phosphate residues which in turn is covalently
linked to the glycan chain (Fig. 16).
Two models were proposed by Archibald et al.,
(1973) to explain the spatial arrangement of the
polymers within the wall (Fig. 17):
(1) The glycari chains lie perpendicular to the cell
surface and 40% of these chains are attached to
all of the teichoic acid which form a surface
layer.
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Fig. 16. Proposed structure of the ribitol teichoic acid
glycan complex in Staphylococcus aureus H
Fig. 17. Models for the structure of the cel wall of
Staphylococcus lactis 13 showing attachment of
teichoic acid to 40% of the glycan chain:(1)
perpendicular arrangement of the glycan chains;
(2) parallel arrangement of the glycan chains.
glycan; teichoic acids
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(2) The glycan chains lie parallel to the surface
and consequently the teichoic acid is uni-
formly distributed throughout the wall.
Due to the insufficiency with micro-
scopic visualization of the teichoic acid
bond to cell envelop, it is however.impossible
to conclude from these studies an absolute
location of the wall teichoic acid.
b) Linkage of membrane teichoic acid with lipids
Membrane teichoic acids are believed to be
covalently attached to lipids which presumably
form a part of the membrane (Davison and Baddiley,
1963).
When disrupted bacterial cells are extract-
ed with a mixture of phenol and water, membrane
teichoic acid is obtained together with a frag-
ment of membrane lipids (Burger and Glaser, 1964;
Wicken and Knox, 1970; Knox and Wicken, 1971).
As they are covalently linked to lipid residues,
these membrane teichoic acids are now known as
lipoteichoic acids (MA). In studies on the
lipoteichoic acids from streptococcus faecalis
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NCIB 8191, it, has been found that this teichoic acid (Fig. 18)
consists of 28-35 units of glycerol phosphate part-
ially substituted with kojibiosyl residues attached
to a kojibiosyl diglyceride or more probably a
phosphatidyl kojibiosyl diglyceride residue, which
is a normal component of the membrane (Toon et al.,
1972 Ganfield and Pieringer, 1975). It has been
suggested that the terminal phosphate of the tei-
choic acid is attached to the third carbon of the
external glucose or the third or fourth carbon of
the internal glucose of the lipid (Toon et al.,
1972 Ganfield and Pieringer, 1975).
.The lipo-teichoic acid linkage of the lipotei-
choic acid has also been characterized for staphy-
lococcus aureus H (Duckworth et al., 1975) and
Lactobacillus fermenti (Wicken and Knox, 1975). In
all cases so far studied, the terminal lipid residue
of the lipoteichoic acid is identical in character
to a free glycolipid of the cytoplasmic membrane,
The precise cellular location of lipoteichoic
acid is still not clear. During investigation on
streptococcus faecelis 9790 (Shockman and Slade,
1964), in which protoplasts were washed with salts
or water, only part of the teichoic acid was
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Fig. 18. Partial structure of the lipoteichoic acid of
Streptococcus faecalis NCIB 8191
(R- kojibiosyl residue; R' - fatty acid)
Fig. 19. Model proposed by Van Driel et al (1973) for the
location of lipoteichic acids in lactobacilli
(A- cell wall; B- protein; C-phospholipid;
D- glycolipid; E-phosphatidyl-glycolipid)
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released into the supernatent fluid, suggesting that
the polymers were associated with the cytoplasmic
membrane. It is thought that the hydrophobic end of
the molecule interacts with the lipid bilayer of the
membrane, whilst the hydrophilic chain of the tei-
choic acid, located on the outer surface of the
membrane, extends into the space between the membrane
and the wall.
Electron microscopy has also been used to locate
the lipoteichoic acid. Using ferritin-labelled anti-
bodies studies on Lactobacillus fermenti and lacto-
bacillus caser, a location on the outside of the
cytoplasmic membrane for lipoteichoic acid has been
identified (Van Duel et al., 1973). The lipoteichoic
acid is anchoraged to the membrane via its glyco-
lipid moiety and the polyglycerol phosphate chain
penetrate and extend into the cell wall (Fig. 19).
This work is consistent with the results obtained
earlier by Shockman and Slade (1964) who concluded
that magnesium ions play an important role in main-
taining the association between teichoic acid and
the membrane, as protoplast prepared in the absence
of magnesium lack lipoteichoic acid. Wicken and Knox
(1975) labelled the glycerol phosphate backbone with
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specific rabbit IgG and localized the backbone by
using ferritin labelled goat antibodies. The label
was shown to extent from the outer surface of the
membrane through the cell wall and in some cases
beyond the outer boundary of the cell to the ex-
ternal environment.
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C. Interaction of Con A with bacteria
Studies on the interaction of Con A with
bacteria have been mainly concerned with bacter-
ial cell wall components. By immunological methods,
the arabinogalactin isolated from the cell wall
of Mycobacterium bo uis (Goldstein and Misaki,
1970), the teichoic acids extracted from the wall
of staphylococcus aureus 416, and staphylococcus
epidermidis 412 (Archibald et al., 1968 Reeder
and Ekstedt, 1971), lactobacillus plantarum 17.5
and L. buchneri NCIB 8001 (Archibald and Coapes,
1971), and Bacillus subtilis 168 (Doyle and
Birdsell, 1972) and the polysaccharides from
Salmonallae (Goldstein and Staub, 1970) are found
to precipitate with Con A,
In Mycobacterium bouis, Con A reacts with
the arabinogalactan by interacting with the C-2,
C-3 and C-5 hydroxyl groups of the -D-arabino-
furanosyl residues situated at the terminal ends
of the chain of this polysaccharide (Goldstein
and Misaki, 1970). Teichoic acids from ,the cell
walls of staphylococcus e.idermidis strains 412
have been shown to be polymers of glycerol-
phosphate linked at 1, 3 position by diester
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bridges and the C-2-is usually substituted with
glucose in either or B-configuration (McCarty and
Morse, 1964) whilst the teichoic acids from staphy
lococcus aureus 416 havc been shown to be polymers
of ribitol 1, 5 phosphate with N-acetylglucosamine
substituted at C-4 (Sanderson et al., 1961 1962).
It was found that Con A reacts with o(-glucosylated
but not with B-glucosylated teichoic acids of S.
epidermidis 412 and with a -N-acetylglucosamine
teichoic acids isolated from strains of S. aureus
(Reeder and Ekstedt, 1971). Lactobacillus plantarum
17.5 and L. buchneri NCIB 8001 contain o(-D-glucopy-
ranosyl residue in their ribitol teichoic acids,
which are the wall components precipitated by Con A
(Archibald and Coapes, 1971). Bacillus subtilis W23
and B. licheniformis ATCC 9945 contain F -D-glucopy-
ranosyl residue in their wall ribitol teichoic acids,
so no agglutination of wall compounds by Con A is
observed (Archibald and Coapes, 1971). However,
Bacillus subtilis 168 contains polyglycerol phosphate
as the membrane. Teichoic acid, which is substituted
at the C-2 hydroxyl group of the glycerol ,moiety
with -D-glucopyranosyl residues. Thus, the teichoic
acid of B. subtilis 168 possesses all the prere-
quisites for interaction with Con A (Doyle and
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Birdsell', 1972). The complex thus formed has been
found to be dissociated by c(-methyl-D-mannopyrano-
side, and oC-methyl-D-glucopyranoside..Therefore,
insoluble Con A has been used to isolate the tei-
choic acids of B. subtilis 168 (Doyle, 1973).
Con A has been used as an important research
tool to probe the various functional and structural
aspects of the cell wall of Gram-positive bacteria.
Since Con A interacts with teichoic acids that
possess a -linked glucosyl or N-acetyl-glucosaminyl
substituents (Archibald and Coapes, 1971 Reeder
and Eks.tedt, 1971), it has been proposed that Con A
might prevent access of bacteriophages to their
receptor sites in bacterial walls which contain
such teichoic acids. Archibald and Coapes (1972)
examined the effect of Con A on the binding of
bacteriophage SP-50 to B. subtilis 3610 and W-23
and bacteriophage K, 53 and 52A to Staphylococcus
aureus 3528, AI and H. The results showed that the
absorption of phage to B. subtilis.3610 and S.
aureus 3528 was inhibited by Con A. Birdsell and
Doyle (1973) used-Con A to modify absorption to
cell wall of B. subtilis 168 by bacteriophage 25,
which is a large, contractile-tailed particle that
.requires glucosylated teichoic acid for absorption
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(Young, 1967). Prior treatment of glucosylated cell
walls with Con A results in a concentration-depend-
depend-ent inhibition of phage 25 absorption and is re-
versed upon dissociation. of the complex by the
addition of o{-methyl glucose (Birdsell and Doyle,
1973).
Con A has also been employed as a morphological
probe to examine the organization of the surface
teichoic acid of B. subtilis 168 (Birdsell et al.,
1975). By electron microscopy, Birdsell et al (1975)
showed that the surface teichoic acid is oriented
perpendicularly to the long axis of the cell.
Furthermore, by use of fluorescein-labelled Con A,
it can be shown that the teichoic acid is found on
the entire surface area of the cell wall (Doyle et
al., 1975). Hydrolysis of the cell wall of B.
subtilis 168 by.autolysins or lysozyme results in.
the exposure of the glucosylated teichoic acid
molecules as evidenced by increased precipitation
of 14C. Con A (Doyle et al., 1975). Quantitative
analyses of 14C Con A-treated bacterial cell wall
or wall hydrolysate complexes indicate that approxi-
mately one-half of the teichoic acid molecules are
exposed on the wall surface, whereas the remainder
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is probably embedded within the peptidoglycan
matrix of the wall (Doyle et al., 1975). Surface
carbohydrates of Mycoplasma mycoides var capri
have been made visible by the cytochemical staining
procedure using Con A (Schiefer et al., 1975), The
method is based on the finding that Con A has at
least two reactive sites: one binds to carbohydrates
containing c{-D-glucosyl or sterically closely relat-
ed residues the second acts as a receptor for-the
glycoprotein horseradish peroxidase which, in a
final step, is revealed by the diaminobenzidine
reaction (Bretton et al., 1972).
Con A has also been utilized to study the mode
of the cell wall assembly of B. subtilis W23 and
NCTC 3610 (Anderson et al., 1978).
The use of Con A as a probe for studying the
role of the wall teichoic. acid in the transformation
of B. subtilis 168 has been investigated by Chu and
Chen (1979) who found that the inhibitory action
exerted by Con A was concentration-dependent and
was reversible by o(-methyl-D-glucoside.
III. MATERIALS AND METHODS
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A. Organisms
Two bacteria were used in the present study.
Bacillus cereus ATCC 14579 was obtained from the
American Type Culture Collection, Rockville, Maryland,
U.S.A. and Bacillus licheniformis IFO 12107,
which is equivalent to B. licheniformis ATCC
9945, was obtained from the Institute of Ferment-
ation, Osaka, Japan.
Stock cultures of these bacteria were kept
in agar slants containing 0.8% Nutrient Broth
(Difco) and 1.6% Bacto-Agar (Difco) at 18°C.
Transfer of stock cultures to fresh media was
carried out every month to avoid overgrowth of
bacterial spores.
B. Cultivation of Bacteria
Unless otherwise specified, all the cultures
used for the present studies were grown'in liquid
medium containing 0.8% Nutrient Broth (Difco),
0.5% Yeast Extract (Difco) and 0.5% sodium
chloride. This-is an enriched medium, in which
the two bacteria grew with higher physiological
activities. The pH of the medium was adjusted to
7.0 before autoclaving. The cells were incubated
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at 35°C with shaking (Incubation shaker G-25,
New Brunswick Scientific Co.). Cells at Log-
phase of growth were obtained after 10 hours of
incubation for B. cereus ATCC 14579 arid 11 hours
for B. licheniformis IFO 12107. Cells of Be
cereus ATCC 14579 were harvested by refrigerated
centrifugation (Sorvall RC-5 Supernatent Refri-
gerated Centrifuge) at 6500 xg for 15 min. while
those of B. licheniformis IFO 12107 were harvest-
ed by refrigerated centrifugation at 14,000 xg
for 15 min. The cell pellet was washed twice
with sterilized 0.1M potassium phosphate buffer
(pH 7.2). A washed cell suspension was then
prepared by resuspending the final pellet in
appropriate volume of the potassium phosphate
buffer.for subsequent experiments.
Dry weight of the cells was determined by
drying 50 ml of the suspension at 110°C for 24
hr. All weights were corrected for the weight of
the buffer salts. All experiments in the present
study were run in duplicates.
C. Major Chemicals
Concanavalin A (Con A), purchased from the
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Sigma Chemical Co., was a salt-free, carbohydrate-
free and highly purified powder. All the stock
solution of Con A used throughout the present study
was freshly prepared before each experiment in order
to prevent denaturation of the protein due to long
period of storage. Sterilized O.1M phosphate buffer-
ed (pH 7.2) containing 1.5% saline was used to
prepare the Con A solutions.
O(-methyl-D-mannoside ( MM) and c'-methyl--D-
glucosi.de ( MG) were purchased from the Sigma
Chemical Co. cc-MM and cC MG solutions were prepared
with O.1 M sterilized phosphate buffer (pH .7.2).
The radioactive compounds including
5, 6-3H -Uracil, L- U-14C -Proline,
U-14 14U-C -Adenine, D- 1-C -Galactose, and
N- acetyl-3H acetylated concanavalin A,
used for experiments on macromolecular synthesis
and uptake studies were purchased from the'Radio-
chemical Centre Ltd., Amersham, England.
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D..Effect of concanavalin A on bacterial growth
Growth of-the bacteria was measured by a
modified Brown! s method (Brown, 1980). A series
of Erlenmeyer flasks with side-arms was used, which
contained 50 ml of the culture medium and different
concentrations of Con A (0, 50, 100, 250, 500 and
750 mg/ml). Overnight culture was inoculated into
the medium to give an initial it uculum of 6.5 x 106
cells/ml for B. cereus ATCC 14579 and 6.0 x 106
cell/ml..for B. licheniformis IFO 12107. All cultures
were.incubated at 35°C with shaking. Turbidity
was measured by direct reading of the optical density
of-the culture in the side-arms without opening the
flasks in a Klett-Summerson photoelectric colorimeter
(model 8003, Arthur H. Thomas Co., U.S.A.) fitted
with a red filter (No. 66). This was calibrated with
a cell free control flask containing the same medium
with added appropriate concentrations of Con A,
Measurements were made at one or two hour intervals
until the stationary phase of growth was reached.
In addition, growth of the cultures was also
determined by viable cell-count at two hour inter-
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vals. A'1 ml aliquot from each culture was removed
and serially diluted with sterilized phosphate
buffer (pH 7.2, 0.1M). The diluants were spreaded
on Nutrient Agar (Difco). Colonies were counted
after incubated at 35 C for 24 hr.
In another experiment, three sets of cultures
without added Con A were incubated as usual for
eight hr. Then Con A (250 ug/ml) was added to the.
first set, and 250 dug/ml of Con A together with 50
fag/ml of MM were added to the second set while the
remaining set was left untreated as control. Growth
of the bacterial cultures was then monitored.
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E. Effect of concanavalin A on oxygen uptake of the
bacetrial cells
Oxygen uptake by the bacteria was measured
with a Gilson Differential Constant Pressure
Respir.ometer (Gilson, France) (Chan and Lau,
1979). The water bath was first set up at 35°C.
A series of reaction flasks (GMEF 125, Gilson)
was used each containing: in the main chamber,
1.2 ml of Con A (0 u.g/ml, 100 dug/ml, 250,ug/ml,
500 )ag/ml, 750 )ug/ml and 1000 ug/ml), 0.5 ml
O 1 M phosphate buffer (pH 7.2) and 1 ml 0.05M
galactose solution in the side-arm, 0.3'ml
washed cell suspension (B. cereus ATCC 14579,
1 .5 dug/ml B. li chenif o rmi s IFO 12107, 2.0 ,ug/ml)
and in the center well 0.2 ml 10% potassium
hydroxide which is used to absorb the carbon
dioxide evolved during respiration.
An appropriate volume of sterilized dis-
tilled water was' added into a reference flask
which was used to allow the system to be operated
at a standard pressure independent of barometric
pressure and temperature changes in the water
bath. After equilibrium was reached in the
system, the cells in the side-arm were then
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mixed with the contents in the main chamber. The
changes of gas-volume due to oxygen uptake by the
bacterial cells was monitored at 20 min intervals
for 120 min. The readings directly represented the
amounts of oxygen uptake ()jl) by the cells and was
corrected for the reading of an uninoculated flask
.
which should show a reading variation within a 5 pi
range.
In the second experiment, the total amounts of
oxygen uptake by the cells treated with 0 ug/ml,
100 )ag/ml, 250 ug/ml, 500 }ug/ml, 750 pg/ml and 1000
dug/ml Con A in 90 min was measured and expressed as
Oxygen intake (}zl). In addition, 50 pg/ ml of MM
was added into two other cultures containing 250
,ug/ml and 500 )ug/ml of Con A and oxygen uptake in
these cultures was also measured as described above.
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F. Effect of concanavalin A on enzyme activities
and enzyme production
1. Dehydro genas e activity
Dehydrogenase activity involves NAD-
dependent reactions which can be followed by
coupling with a suitable redox dye reaction
(conversion reaction). (Woleuirg et al. 1974).
Triphenyltetrazolium salt is commonly used
which give red colored triphenylformazan salt
when reduced (Casida, et al., 1964 Munton and
Russell, 1973 Pancholy and Rice, 1973).
A series of test-tubes was set up each
cont.ined: 0.5 ml washed cell suspension (2.5
ug/ml), 1 ml 0.01M galactose solution, 1 ml
0.1% 2, 3, 5- tuphenyletetrazolium chloride
(TTC) (British Drug House Ltd., London), and
5 ml Con A solution at final concentrations of
0, 50, 100, 250, 500, 750 and 1500 )ag/ml or
O.1 M phosphate buffer (pH 7.2) to a final total
volume of 5 ml. In the second experiment, 40
)lg/ml of o(MM was added to the test-tubes
containing 0, 100, 250 and 500 ug/ml of Con A
together with the other contents described above.
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The test-tubes were then incubated for 10 mine
at 3500. To -terminate enzyme activities, the
test-tubes were transferred to an ice-bath
.immediately. After 5 ml of n-butanol (Merck,
West Germany) was added to each test-tube, the
tubes were mixed for color extraction. The cells
were precipitated by centrifugation (SS-1 Super-
speed angle centrifuge, Sorval, U.S.A.) at 5000
x g for 15 min, and the upper butanol layer-was
taken for absrobance measurement in a spectro-
photometer (Spectronic-70 Spectrophotometer,
Bausch Lomb, U.S.A.) at 525 mm against a blank
tube without cell suspension. The results were
expressed as Stimulation Ratio (S.R.):
Optical density of Con A-treated cells
S.R.=
Optical density of control cells
2. Phosphatase activity
Phosphatare activity of the bacteria was
measured by the method of Bolton and Dean (Bolton
and Dean, 1972). Disodium p-nitrophenyl phosphate
(Sigma, U.S.A.) was used as substrate which was
dissolved in 0.1M sterilized phosphate buffer
(pH 7.2).
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A series of test-tubes was setup each
contained: 0.5 ml washed cell suspension (2.5
ig/ml), 1 ml 1% Disodium p-nitropher_yl phosphate
solution,-and Con- A solution at a final concent-
ration of 0, 50, 100, 250, 500, 750, 1000 and
1500 fag/ml or O.1 M phosphate buffer (pH 7.2) to
a final volume of 4 ml. A solution of 40,ug/ml
of o(MM was added to 4 other test-tubes which
contained 0, 100, 250 and 500 )ug/ml of Con A
together-with other contents.
The test-tubes were then incubated at 35°C
for 30 min. The color reaction was terminated by
adding 8 ml of 0.2M sodium hydroxide to each
test-tube. The cells were precipitated by centri-
fugation (5000 x g, 15 min) and the supernatent
was removed for absorbance measurement at 400 nm
against a blank. The results were also expressed
as Stimulation Ratio.
3. -glucosidase activity
Release of p-nitrophenol from p-nitrophenyl
-a-D-glucopyranoside was used to measure the
activity of -glucosidase produced by the bacteria
(Urlaub and Wober, 1978 Li and Chan 1979).
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Since -glucosidase is an inducible enzyme,
the bacteria were grown in 1% yeast extract broth
containing an inducer, maltose (1%). A washed cell
suspension was prepared. A series of test-tubes
was set up each contained: 0.5 ml washed cell
suspension (2.5 ug/ml), 2 ml 0.1% solution of
p-nitrophenyl_c' D-glucoside (Sigma, U.S.A.) in
0.1M phosphate buffer (pH 7.2) and Con A solution
at concentrations of 0, 50, 100, 250, 500, 750,
1000 and 1500 )ag/ml or 0.1M phosphate buffer
(pH 7.2) to a final volume of 5 ml. In addition,
40 pg/ml of MM was added to a set of test-tubes
containing 0, 100, 250 and 500 ug/ml of Con A
and the other contents. After incubating at 35°C
for 30 min. 1 ml sample was transferred from each
tube to 9 ml of 0.5M sodium carbonate solution
to terminate the enzyme reaction. The cells were
collected by centrifugation (5000 x g, 15 min)
and the supernatent was removed for absorbance
measurement at 420 nm against a blank. The
results were expressed as Stimulation Ratios
4. -amylase production
-Amylase was assayed by photometric measure-
ment of the blue color formed by the reaction of
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starch with iodine. (Smith and Roc, 1949 Hokin,
1951 Coleman and Elliott, 1962 loneda and Maruo,
1975)f
Bacterial cells at a density of 6.2 x 106
cells/ml.were innoculated into Erlenmeyer flasks
each containing 50 ml of-culture.medium with 1%
soluble starch solution (Merck, West Germany), 0.5%
sodium chloride, 0.5% yeast extract (Difco),.with
or without 500 1u.g/ml Con A solution and 0.1M phos-
phate buffer (pH 7.2). A control flask was set up
without inoculation of bacterial cells.
The flasks were incubated at 35°C with shaking.
At 4 hr intervals, an aliquot of 5 ml was removed
from each flask and transferred to centrifuge tube.
After adding 1 ml hydrochloric acid (1 N), the
tubes were centrifuged to precipitate the cells.
Then a mixture of 2.5 ml hydrochloric acid (0.1 N)9
0.5 ml Iodine reagent (3% potassium iodide and 0.3%
iodine), and 21.9 ml sterilized distilled water
were added to 0.1 ml supernatent. A blank was set
up by adding 0.1 ml distilled water to a flask
containing the acid-iodine solution. After mixing,
the solution was taken for absorbance measurement
at 620 nm.
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The amylase level was expressed as-mg of starch
hydrolyzed which is equal to
(O.D. of control)- (O'.D. of sample)
x 500 mg
• O.D. of control
The fraction was multiplied by 500 mg because all
the reaction flasks contain 500 mg starch before
incubation.
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G. Effect of concanavalin A on synthesis of macro-
molecules, and uptake of amino acid and carbo-
hydrate by the bacteria
Three- sets of experiments were carried out
for these studies. In the first experiment, two
sets of culture tubes (13 x 100 mm) were used.
The control contained 0.1 ml washed cell suspen-
sion (B. cereus ATCC 14579, 3.0 jag/ml B. licheni-
formis IFO 12107, 4.0 p.g/ml) and 0.4 ml O-1 M
phosphate buffer (pH 7.2). The other set of.test-
tubes contained 0.1 ml washed cell suspension,
0.1 ml Con A solution at concentration of 500
)ug/ml and 0.3 ml O.1 M phosphate buffer. After 30
min incubation-at 35°C, each 0.5 ml radioactivity
labelled precursors, amino acid or carbohydrate,
was added to each tube. The tubes were then again
re-incubated at 35°C. At appropriate intervals
specified in the following sections, duplicate
tubes from each set were taken for various radio-
active assays.
In the second experiment, a series of cul-
ture'tubes was set up each containing 0.1 ml
washed cell suspension (B. cereus ATCC 14579,
3.0 dug/ml B. li chenif ormi s IFO 12107, 40 ug/ml),
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and Con A solution of different concentrations
at 0, 100, 250, 500, 750, 1000 and 1500 dug/ml or
0.1M phosphate buffer (pH 7.2) to a total volume
of 0.5 ml. After 30 min incubation at 30°C, 0.5
ml of radioactivity labelled precursors, amino
.acid or carbohydrate,was added to each tube. The
tubes were then incubated at 35°C for a period
specified for different assays and different
bacteria- (Table 9).
`.In the third experiment, 40, 60 or 80 )zg/ml
of dMM or o(MG was added to a series of culture
tubes containing.0.1 ml washed cell suspension,
(B. cereus ATCC 14579, 3.0 ,ug/ml B. licheniformis
IFO 12107, 4.0 )u.g/ml), 0.1 ml Con A solution at
concentration of 500 )lg/ml and O.1 M phosphate
buffer (pH 7.2) to a final volume of 0.5 ml.
The tubes were incubated at 35°C for 30 min and.
0.5 ml of the labelled compounds were then added
to each tube which were re-incubated at 3500 for
a period indicated in Table 9 before the
assays.
I. RNA synthesis
RNA synthesis of the bacteria was measured
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Table. 9. Incubation time for different experiments on synthesis
of macromolecules and uptake of proline and galactose
of B. cereus ATCC 14579 and B. licheniformis IFO
12107
ASSAY Be cereus B, licheniforrnis
RNA synthesis 1 hr 2 hr
Protein synthesis 10 hr 12 hr
DNA synthesis 10 hr 4...hr
Proline uptake 6 hr 6 hr
Galactose uptake 10 hr 10 hr
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by determining the total acid-insoluble radioactivity
of the cells incubated with 1 Ci/ml of 5 6-3H-
Uracil soultion (Cocper and Morita, 1972 Buu and
Sonenshein, 1.975).
After incubation, the tubes were immediately
placed in an ice-bath to stop the cellular activity.
Then. 1 ml 20% ice-cold tucholroacetic acid and 1 ml
ice-cold unlabelled uracil solution (300 pg/ml)
were added.to each tube and let remain at 0°C for
30 min.` Then the precipitated material was collected
by filtration through Whatman GF/C glass microfibre
filters.(25 mm diameter) previously soaked with 10%
tuchloroacetic asid. The filter was placed in a
filter holder (Swinnex-25, Millipore Co, U.S.A.)
which was fixed into a syringe. The filter was washed
with 10 ml 10% ice-cold tuchloroacetic acid and
then 5 ml 70% ice-cold ethanol. The filters were
placed in scintillation vials and dried at 70°C
for 1 hr. After cooling, 8 ml Scintillation Medium
(Scintillation Medium-1) containing 0.4% 2, 5-dip-
henyloxazole (PPO), 0.01% 1, 4-bis-2-(5-phenyl-
oxazolyl)- benzene (POPCrP) dissolved in scintanalyzed
toluene (Fisher, U.S.A.) were added to each vial
(Bloch et al., 1967). Radioactivity was measured in a
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liquid scintillation spectrometer (LS 7000 Liquid
Scintillation System, Beckman, U.S.A.). After
corrected for background count which wo.s made by
counting a filter rinsed with cell free suspension,
the readings were expressed as count per minute
(CPM) per milligram of cells (dry weight).
2.. Protein Synthesis
Protein synthesis of the bacteria was determined
by measuring the total acid-insoluble radioactivity
of the cells incubated with 0.15 }iCi/ml of L-U-14C-
Proline solution (Cooperand Morita, 1972).
After incubation, all the tubes were put in
ice-bath and 1 ml. 20% trichlorlacetic acid (20%)
was added to each tube. They were left at 0°C
for 2 hr before another 1 ml of 5% trichloroacetic
acid was added and let remained at 0°C for another
60 min. Then the tubes were placed-in 82°C water
bath for exactly 30 min. After cooling, the hot
acid-insoluble material was recovered by filtration
on Whatman GF/C glass microfibre filters (25 mm
diameter), presoaked with cold trichloroacetic
acid (10%). The filters were washed
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with 10 ml 10% trichloroacetic acid and 5 ml 70%
ethanol. After drying, they were counted in-8 ml
of the Scintillation Medium-1 with the Beckman
LS-7000 Liquid Scintillation System. After cor-
rected for background count, the readings were
expressed as CPM per mg cells (dry weight).
3. DNA Synthesis
DNA synthesis of the bacteria was determined
by measurement of trichloroacetic acid-precipit-
ated radioactivity of-the cells incubated with
0.15 Ci/ml U-14C- Adenine Buu. and Sonenshein,
1975 Restaino and Frampton, 1975).
After incubation, 1ml ice-cold trichloro-
acetic acid (20%) and 1 ml unlabelled adenine
solution were added to each tube. They were left
in the ice bath for 30 min before centrifuged
at 4°C for 10 min at 4000 x g. Then the pellet
was suspended in 1 ml 0.4N sodium hydroxide and
was incubated at 37°C for 90 min, neutralized by
the addition of 0.4 ml 1N hydrochloric acid, and
reprecipitated again at 0°C with 1.5 ml trichloro-
acetic acid (10%) for 30 min. The final precipit-
ates were collected on Whatman GF/C glass micro-
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fibre filters (25 mm diameter) presoaked with
cold TCA (10%). These filters were washed with
10 ml 10% cold trichloroacetic acid and 5 ml 70%
ethanol, dried at 70°C for 1 hr, and counted in
8 ml scintillation medium-1, with the Beckman
LS-7000 Liquid Scintillation System. The readings,
after corrected for background count, were ex-
pressed as CPM per mg cells (dry weight).
4. Uptake of Proline
Proline uptake by the bacteria was determined
by measuring the-total incorporated radioactivity
of the cells incubated with 0.15 )Ci/ml of
L- U-14C--Proline solution (Cooper and Morita,
1972 Fein and Macleod, 1975).
Immediately after incubation, the samples
were filtered through 25 mm diameter, 0.45 HA-
membrane filter (Millipore Corp. U.S.A.), which
was presoaked with cold 0.1M phosphate buffer
(pH 7.2).. The filtered cells were immediately
rinsed with 20 m1 0.1M cold phosphate buffer
(pH 7.2). The filters were-placed in scintillat-
ion vial, dried, and counted in 8 ml scintillat-
ion medium-1 with the Beckman LS-7000 Liquid
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Scintillation System. After corrected for the
background count, the readings were expressed as
CPM per mg cells (dry weight).
5. Uptake of Galactose
Galactose uptake of the bacteria was monitor-
ed by measuring the total incorporated radioacti-
vity of the cells incubated with 0.2 }lCi/ml_. D-
1-14C- Galactose solution (McClatchy and Rosen-
blum 1963 Peters-and Hausen, 1971).
After incubated with the radioactive solut-
ion of. galactose, the samples were filtered thr-
ough 25 mm diameter, 0.45 )u HA-membrane filter
(Millipore Corp.), presoaked with 0.1M cold
phosphate buffer (pH 7.2). The radioactivity of
the total cellular content was determined by the
method mentioned above for proline uptake. The
readings, after corrected for background count,
were.also expressed as CPM per mg cells (dry
weight),.
H. Binding of concanavalin A to bacterial cells
1. 3H- Con A binding to whole cell
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a) Kinetic analysis
The 3H concanavalin A binding assay has
been well documented (Noonan and Burger, 1973a,
-197 3b ,Keenan et al,, 1974 Wright and C eri, 1977).
A washed cell suspension (4.8 dug/ml) of 0.2
ml and 0.3 ml phosphate buffer were added toge-
ther into a culture tube. After keeping in an ice
bath for at least 10 min, 0.5 ml N- acetyl-3H
acetylated concanavalin A solution (1 yCi/ml)
was added to the tube. Triplicate samples were
set up in this experiment. The tubes were in-
cubated for appropriate time at 0°C. Before
centrifugation. at 0°C for 15 min 4 ml, 0.15M ice-
cold saline was added. The pellet obtained after
centrifugation was washed three times with cold
saline (0.154'1q)-and finally suspended in 5 ml
of the cold saline. The washed cells were collect-
ed by filtration through 0.45 )u HA-membrane filter
(Millipore Corp.) presoaked with cold saline in
O.1 M phosphate buffered (pH 7.2) and the filter-
ed cells were then rinsed twice with 10 ml cold
phosphate buffered saline. The filters were
placed in scintillation vial, dried and count
in 8 ml Scintillation Medium-1. 3H.-Con A bound
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by the bacteria was expressed as CPM per mg
cells (dry.weight) after corrected for back-
ground count.
b) Effect of temperature and o(MM on 2H-Con A
binding to the bacterial cells
Two sets of samples were used to evaluate
the effects of temperature-(0°C and 35°C) and
the presence of 100 g/ml of MM on 3H-Con A
binding to the bacterial cells. The samples
were incubated for 4 hr and the assay pro-
cedures were the same as described previously.
2. 3H-Con A binding-to protoplasts
Protoplasts of the bacteria were prepared
by treating the bacterial cells with lysozyme
(N-acetylmuramide gluconohydrolase, EC 3, 2, 1,
17) in a hypertonic medium to digest the pep-
tidoglycan component of the bacterial cell wall.
As a result, the rod-shaped cells are converted
into cell wall-free spheres which are sensitive
to osmotic shock (Weibull et al, 1959 Exterkate
et al., 1970 Cheng t al,,1971.).
Bacterial cells were harvested by centri-
108
fugation. Instead of suspending in saline after
washing, the.pellet of the 3H-Con A incubated
cells obtained by centrifugation was suspended in
5 ml 0.05% lysozyme `Sigma Co., U.S.A.) in 0.01M
magnesium chloride solution. The cells were in-
cubated at 37°C for 30 min (B. licheniformis IFO
12107) and 60 min (B. cereus ATCC 14579). The
protoplasts were centrifuged for 20 min at 20,000
x g (Sorvall RC-5 Superspeed, refrigerated cent-
rifuge, U. S .A.). To ensure complete conversion
to protoplast, the pellet was re-incubated with
lysozyme and was checked by microscopic.observat-
ion. The protoplasts were washed twice with 0.01M
magnesium chloride solution and harvested by
centrifugation (20,000 x g, 20 min). The pellet
was suspended*in 5 ml 0.01M magnesium chloride
and was collected by filtration through 25 mm
diameter, 0.45 i HA-membrane filter (Millipore
Corp.) presoaked with cold saline (0.154 M). The
filter was then washed with cold 0.154 M saline
containing 0.01M magnesium chloride, dried and
counted in 8 ml Scintillation Medium-1,.
3. 3H-Con A binding to bacterial membrane and
cytoplasm
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The protoplasts were lysed by osmotic shock
(Werbull et al, 1959).
After harvesting, the protoplasts were suspend-
ed in 5 ml cold deionized water and incubated at O C
for 30 min. The lysate was centrifuged at 78,000 x g
for 25 min (L5-50 Ultracentrifuge, Beckman, U.S.A.).
Then a 1 ml aliquot of the supernatant was counted
for radioactivity in 8 ml Scintillation Medium-2
which contained. 2, 5-diphenyloxazole (PPO), 4 gm
1, 4-bis-2- (5-phenyloxazole )--benzene (POPOP), 0.1 gm
;Tritox X-100, 333.3 ml and scintanalyzed tolrene,
666.7 ml.) (Patterson and Grene, 1965) with a liquid
scintillation counter. Counts per min for the 5 ml
supernatent was taken as the amounts of 3H-Con A
bound to the cytoplasm fraction of the cells.
On the other hand, the pellet of protoplasts
was solubili-zed by a 10 min incubation in 1.0 ml
10% Triton X-100 in phosphate buffer (pH 7.2) and
counted in 8 ml Scintillation solution-2 with a
liquid scintillation counter. The readings represent-
ed the amounts of.3H-Con A bound to the 'ghost'
fraction of the bacterial cells.
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I. Effect of concariavalin A on intracellular cyclic
adenosine 3', 5'-monophosphate and cyclic Guano-
sine, 3', 5'-monophosphate level:,
1 Preparation of samples for cyclic AMP and cyclic
GMP assays
The bacteria used for the cyclic AMP and
cyclic GMP assays were grown in T-salt minimal
medium (Bernlohr 1972 Bernlohr et al,,,1974)
which contained 0.4 mM of magnesium sulphate
(MgSO4.7H20, 0.005 mM of manganese chloride
(MnCl2.4H20), 0.39 mM calcium chloride. (CaCl2.
2H20) in 65 mM potassium phosphate buffer
(pH 7.2). Galactose at a concentration of 15
mM and 10 mM ammonium chloride were used as the
carbon source and nitrogen source respectively
in the medium.
Two experiments were set up to study the
effect of concanavalin A on intracellular
cyclic AMP and cyclic GMP levels of B. cereus
ATCC 14579 and B. licheniformis IFO 12107. The
first experiment was used to evaluate the
relationship between bacterial growth and the
intracellular cyclic AMP or cyclic GMP levels
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of-the bacteria cells. The washed cell'suspension
of the bacteria was grown in duplicated flask which
contained 50 ml of T-salt minimal medium and 500
p.g/ml of Con 'A. Another set of flasks containing no
Con A was used as the control. The initial inoculum
size was 1.6 x'107 cells.per ml for both bacteria.
The cultures were incubated at 35°C on a rotary
shaker. At appropriate time intervals, 2 ml aliquots
were taken from each flask and rapidly filtered
through 0.45 )a HA-membrane filter (Millipore Corp.).
The filters with trapped cells without prior wash-
ing were immersed in 2 ml of 0.5N formic acid and
kept for 10 min in a water bath (100°C). The filters
were then removed. and the samples were lyophilized
in a Unitrap II lyophilizer (Buettner et al,,1973
Peterkofsky and Gazdar, 1974 Gonzaled and Peter-
kof sky, 1975 Piovant and Lazdunski, 1975). The
dried samples were dissolved in 2 ml 0.05M Tris
buffer (pH 7.5) containing 4 mM EDTA, and assayed
for cyclic AMP and cyclic GMP by the method describ-
ed later.
In-the second experiment, a series of flasks
was set up which contained different concentrations
of Con A (250, 500, 750, 1000 and 1500 fag/ml) in
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10 ml T-salt minimal medium. To two other culture
flasks, 60 ug/mi of of MM or o{MG was added together
to with 500 p.g/ml Con A inT-salt minimal medium.
Washed cell suspension was inoculated into these
cultures to make an initial inoculum of 1.6 x 107
cells/ml. After 7-hr incubation, 2 ml aliquot of
the culture was taken out and was filtered
through the HA-membrane filters and the lyo-
philized samples were subesquently obtained by-
the procedures described for the first experiment.
2. Cyclic AMP assay
The intracellular cyclic AMP levels of the
bacteria.were measured by the Protein Binding
Assay (Gilman, 1970 Michal and Wunderwald, 1974)
by employing the Cyclic AMP assay ket (The Radio-
chemical Centre Ltd., Amersham, England). The
assay procedures were those suggested in the
Cyclic AMP assay kit booklet (The Radiochemical
Centre Ltd., Amersham, England).
A series of microcentrifuge tubes was placed
in a test-tube rock which was kept at 0°C in an
ice bath. Then 50 ml of prepared bacterial samples,
50 ul of 8-3H Adenosine 3':5'-cyclic phosphate
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(0.5 pg/ml) and .100 y1 of the binding protein
purified from bovine muscle were added to each
tube. A blank was set up which contained only
150 l of 0.05M Tris buffer (pH 7-5), 4 mM EDTA
and 50 .i of the labelled cyclic AMP. The tubes
were mixed for about 5 sec and incubated at 2-4 C
for 2 hours. After incubation, 100 p1 Charcoal
suspension vortex was added,-mixed, and centri-
fuged for 3 min (Microcentrifuge 5413, Eppendorf,
W. Germany, 8,000 x g) to sediment the charcoal.
Without disturbing the sediment, a 200 ).1 sample
was removed from each tube and counted in 8 ml
Scintillation Medium-2, with the Beckman LS-7000
Liquid Scintillation System. The cyclic AMP level
was determined from the standard curve obtained
by assaying the tubes containing different con-
centrations of the Adenosine 3':5'-cyclic mono-
phosphate standard.
3. Cyclic GMP assay
The intracellular cyclic GMP levels of the
bacteria were determined by Radioimmuno assay
(Steiner et al,,1972 Kobayaski and Fang, 1975)
by employing the cyclic GMP RIA kit (The Radio--
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chemical Centre, Ltd., Amersham, England) and the
assay procedures suggested in the Cyclic GMP RIA
kit booklet (The Radiochemical Centre Ltd., Amer-
sham, England) were followed.
A series of microcentrifuge tubes was placed in
a test-tube rack which was kept in an ice bath
throughout the experiment. Each tube contained
50 l of 8-3H Guanosine 3t, 5t-cyclic phosphate
(0.16 ug/ml), 100 l of bacterial samples prepared
above and 50 ul of cyclic GMP specific anti-serum.
A blank was set up which contained 50 ul of labelled
cyclic GMP, 100 ul of blank reagent and 50 ml of
cyclic GMP specific anti-serum. The.tubes were
mixed for a few seconds before incubating at 2-4oC
for 1.5 hr. Then 1 ml ice-cold ammonium sulphate
solution (60%) was added and vortex mixed and allowed
to stand for 5 min before being centrifuged for 3 min
at 8,000 x g (Microcentrifuge, Eppendorf, W. Germany).
The suppernatant was decanted and any excess
liquid adhered to the wall of the tubes was carefully
wiped with sterilized cotton swab. To each tube,
1.1 ml distilled water eas added. The tubes were
vortex mixed until all the precipitate was
dissolved. The 1 ml sample was removed from each
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tube and. counted in 8 ml Scintillation Medium-2
with the Beckman Liquid Scintillation System. The
cyclic GMP level was determined from a standard
curve prepared by assaying the tubes containing




A. Effect of Con A on bacterial growth
The effect of Con A on growth of B. cereus
ATCC 14579 and B. licheniformis IFO 12107 as
determined by turbidometric method was measured
by the Klett-Summerson photoelectric colorimeter.
It was found that concentrations of Con A at 50,
100, 250, 500 and 750 jig/ml stimulated growth of
the two bacteria (Fig. 19a, 19b). At stationary
phase, the growth yield of the Con A (750 )ug/ml)
-treated cells of B. cereus ATCC 14579 was 270
Klett-Summerson unit and that of the control was
180 (Fig.-19a). Similar extent of growth stimulat-
ion by Con A was also observed for B. licheni-
formic IFO 12107 (Fig. 19b). Grcwth of the
bacterial cells treated with 250 )lg/ml of Con A.
was 170 Klett-Summerson unit at 18 hr and that
of the control was 100 Klett-Summerson unit (Fig.
19b). Although Con A stimulated the growth of
the two bacteria, no direct relationship between
the extent of stimulation and the tested con-
centrations of Con A used in this experiment was
obviously observed (Fig 19a, 19b).
To ensure a valid data on Con A stimulated
bacterial growth, viable counts of the bacterial
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Fig. 19a. Effect of concanavalin A on growth of B. cereus
ATCC 14579 as determined by turbidity
Fig. 1-9b. Effect of concanavalin A on growth of B.
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cultures were also carried out. For B. cereus ATCC
14579, the viable cell number of the Con A-treated
cells increased more rapidly than the control from
the beginning of cultivation (Fig. 20a). The initial
inoculum was 6.3 x '106 cells/ml. After 6 hr's in-
cubation, the number of viable count increased to
3.9 x 108 cells/ml while the number of.viable bacte-
ria in the control was 7.9 x 107 cells/ml only. The
generation times were 60.8 min for the Con A-treated
cells and 114.9 min for that of the control..There-
fore, 250 )19/ml Con A increased the specific growth
rate of B. cereus ATCC 14579 from 0.52 hr -1 to 0:97
hr -1 in this condition (Fig. 20a).
Similar result was obtained for B. licheniformis
IFO 12107 (Fig. 20b). After 8 hrs of incubation, the
number increased from 6.0 x 106 cells/viable cell/
ml to 2.5 x 108 cells/ml for the Con A-treated (250
ig/ml) cells and 9.3 x 107 cells/ml for the control.
The generation times were 89.3 min and 122.0 min
for the Con A-treated cells and the control respect-
ively. After treated with Con A, the specific growth
rate of the cells increased from 0.49 hr to 0.67
hr-1 (Fig. 20b).
It was obvious that Con A was able to stimulate
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Fig. 20a. Effect of concanavalin A on grwoth of B. cereus
ATCC 14579 as determined by viable count
Fig. 20b. Effect of concanavalin A on growth of B. licheniformis
IFO 12107 as determined by viable count-`
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cell division, and thus the growth rates of both Be
cereus ATCC 14579 and B. licheniformis IFO 12107
(Fig. 20a, 20b).
To determine whether the stimulated growth of
B. cereus ATCC 14579 and B. licheniformis IFO 12107
was due to the specific binding of Con A to the
bacterial cells, an inhibitor for Con A action, -
methyl-B-mannoside (a MM), was added to the Con A-
treated culture.
It was found that addition of 50 p.g/ml of MM
at approximately mid-log phase suppressed the growth
of the Con A-treated bacterial cells of both bacter-
ial strains to a level similar to their respective
control (Fig. 21a, 21b). The, fact that the sugar
was able to abolish almost completely the stimulat-
ion of growth caused by Con A suggests a specific
binding of Con A to a sugar component of the bact-
erial cell wall.
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Fig. 21a. Effect of -methyl-D-mannoside on concanavalin A
-stimulated growth of B. cereus ATCC 14579
Fig. 21b. Effect of -methyl-D-mannoside on concanavalin A
-stimulated growth of B. licheniformis --IFO 12107
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B. Effect of concanavalin A on oxygen uptake of the
bacterial cells
1. Oxygen uptake
Con A at concentrations of 100, 250, 500,
750 and 1000 ug/ml were found to stimulate
oxygen uptake by the cells of B. cereus ATCC
14579 (Fig. 22a) and B. licheniformis IFO 12107
(Fig. 22b). The greater slope obtained with the
Con A-treated cells indicated a higher rate of
respiration, and therefore a higher metabolic
rate. It was observed that Con A.concentrations
at 100, 250 and 500 lag/ml stimulated lower
levels of oxygen uptake compared with 750 ug/ml
of Con A (Fig. 22a, 22b). Within 120 min, cells
of B. cereus ATCC 14579 treated with 750 ug/ml
of Con A have uptaken 315.9 u1 of oxygen,
which was about 1.6-fold of that of the control
which only uptake 193.7 ul oxygen. (Fig. 22a).
On the other hand, the total oxygen uptake of
B. licheniformis IFO 12107 was 192.8 ul for the
Con A-treated cells, which was approximately
1.5-fold of that of the control (Fig. 22b).
129
Fig. 22a. Effect of concanavalin A on oxygen uptake of B.
cereus ATCC 14579











































2. Dosage effect of Con A on oxygen uptake and effect
of -methyl-D-mannoside ( MM) on Con A-stimulated
oxygen uptake
Con A stimulated oxygen uptake of the bact-
erial cells was found to be dosage dependent
higher concentration of Con A induced greater
stimulation on oxygen uptake by the two bacteria
(Fig. 23a, 23b). The optimal concentration of
Con A for stimulating oxygen uptake was 750 ug/ml
for both bacterial strains. The total amounts of
oxygen uptake in 90 min started to decline when
treated with 1000 ug/ml Con A. Both B. cereus
ATCC 14579 and B. licheniformis IFO 12107 behaved
quite similarly in this aspect.
The effect of of MM on the Con A-stimulated
oxygen uptake of the bacterial cells is shown in
Fig. 23a and Fig. 23b. It was found that 50 ug/ml
of MM was able to reduce the extent of Con A
stimulated oxygen uptake of the two bacteria.
Since complete suppression by MM on Con A sti-
mulated oxygen uptake was not observed, it was
possible that non-specific binding of Con A on
the bacterial cell surface did occur.
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Fig. 23a. Dosage effect of concanavalin A on oxygen uptake by
B. cereus ATCC-14579( 90 minutes)
Fig. 23b. Dosage effect of concanavalin A. on oxygen uptake by
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C. Effect of concanavalin A on enzyme activities
and production
1. Dehydrogenase activity
Most of the respiratory enzymes are mem-
brane bound dehydrogenase. The rate of overall
respiration can, thus, be reflected by total
dehydrogenase activity.
It was found that Con A at concentrations
of 50, 100, 250, 500,. 750 and 1500 jug/ml
stimulated the dehydrogenase activity of B.
cereus ATCC 14579 (Fig. 24a) and B. licheni-
formis IFO 12107 (Fig. 24b). For B. cereus
ATCC 14579, even 50 ug/ml of Con A could sti-
mulate dehydrogenase activity to a 1.6-fold
increase over the control, and the optimal
concentration of Con A in stimulating maximal
dehydrogenase activity was 500 ug/mi, which
showed a 2.75-fold of stimulation compared with
the control (Fig. 24a). On the other hand, the
stimulatory action of Con A on dehydrogenase
activity in B. licheniformis IFO 12107 was
less obvious. The most effective Con A concent-
ration at 500 )ug/ml only stimulated dehydro-
137
Fig. 24a. Dosage effect of concanavalin A on dehydrogenase
activity of B. cereus ATCC 14579
Fig. 24b. Dosage effect of concanavalin A on dehydrogenase





with 40 mg/ml co MM
1
0
10000 750 1250250 500 1500




with 40mg/ml oo MM
1
0 250 500 750 1000 1250 1500
Con A (ug /ml)
140
genase activity to a 1.7-fold increase (Fig. 24b).
Dosage dependence of stimulation on Con A
was observed. For both bacteria, dehydrogenase
activity started to increase while treated with
50 }ig/ml Con A, and the activity soar to a max-
imum level while treated with 500 )ug/ml of Con A
(Fig. 24a). Dehydrogenase activity started to
drop slightly when treated with 750 )ug/ml Con A.
However, a comparatively high dehydrogenase
activity was observed in B. cereus ATCC 14579
culture with the presence of 1500 dug/ml Con-Ain
the medium (Fig. 24a), but the activity dropped
to a level similar to the control in B. licheni-
formis IFO 12107 culture treated with 1250 dug/ml
Con A (Fig. 24b).
While 40 mg/ml of o(NIDI was added to bacterial
cultures containing 100, 250 and 5 00 pg/ml of
Con A, the Con A-stimulated dehydrogenase activity
of the 2 bacteria was greatly depressed (Fig. 24a,
24b). However, complete depression of the Con A
effect was not observed.
2. Phosphatase activity
141
Phosphatase is a group of intracellular enzymes
which hydrolyzes different esters of phosphoric acid.
Hydrolysis of the phosphorylated.compounds e. g.
AT glucose-6-phosphate or phosphoenolpyruvate
would generate energy for the cells to carry out
various cellular processes that require energy in-
put. Therefore measurement of phosphatase activity
may indicate the energy-dependent metabolic activities
of the bacterial cells.
The. effect of different concentration of Con A
on the phosphatase activity of B. cereus ATCC 1.4579
and B. licheniformis IFO 12107 are shown in Fig. 25a
and Fig. 25b,respectively. Phosphatase activity of
the bacterial cells was stimulated by 50, 100, 250,
500, 750, 1000 and 1500 jug/ml of Con A (Fig. 25a,
25b). The stimulation of phosphatase activity was
found to be Con A dosage dependent. Highest stimu-
lation of phosphatase activity occured at 500 ) g/ml
and 750,ug/ml Con A treated cultures for both bact-
eria, and the activity started to drop at 750 g/ml
Con A treated cultures. It was evident that 500 dug/ml
Con A was the optimal concentration of Con A which
stimulated the highest phosphatase activity of B.
cereus ATCC 14579 to a 3.1-fold increase and B.
142
Fig. 25a. Dosage effect of concanavalin A on phosphatase
activity of B. cereus ATCC 14579
Fig. 25b. Dosage effect of concanavalin A on phosphatase
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licheniformis IFO 12107 to 2.8-fold increase as
compared with.the control (Fig. 25a, 25b).
While 40 ig/ml of MM was added to the Con
A containing cultures, theCon A stimulated phos-
phatase activity was strongly inhibited.
3. oC-glucosidase activity (oc-D-glucoside gluco-
hydrolase, E.C. 3.2.1.20)
-glucosidase is an exoenzyme which hydro-
lyze exogenous carbohydrates containing terminal
non-reducing 1, 4 linked a-D-glucose residues.
The glucose residues produced will be uptaken by
the cells to serve as energy source. Therefore,
0(-glucosidase activity was taken to measure the
effect of Cori A on the exoenzyme activity by the
bacterial cells.
Con A at all the tested concentrations were
found to stimulate the. -glucosidase activities
of B. cereus ATCC 14579 (Fig. 26a) and B. licheni-
formis IFO 12107 (Fig. 26b). The stimulation in
B. cereus ATCC 14579 (Fig. 26a) was much stronger
than that of B. licheniformis IFO 12107 (Fig. 26b).
However, the stimulation ratio of glucosidase
for Con A treated cultures was much lower than
146
Fig. 26a. Dosage effect of concanavalin A on -glucosidase
activity of B. cereus ATCC 14579
Fig. 26b. Dosage effect of concanavalin A on -glucosidase
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those of Con A stimulated dehydrogenase (Fig. 24a,
24b) and phosphatase activities (Fig. 25a, 25b).
The optimal concentration of Con A for stimulat-
ing -glucosidase activity was 500 fag/ml which
increased the o(-glucosidase activity to 1.9-fold
for B, cereus ATCC 14579 (Fig. 26a) and 1.3-fold
for B. licheniformis IFO 12107 (Fig. 26b). Dosage
dependence for stimulation by Con A was also
observed. The inhibitory effect of 40 dug/ml of
(MM on Con A action was obvious especially in B.
licheniformis IFO 12107, in which a complete
repression of Con A-stimulation on -glucosidase
activity by o(MM was detected (Fig. 26b).
4. -amylase production
-amylase( [1 4]-glucan 4-glucanohydrotase)
is an exoenzyme which hydrolyze al (1,4)-linkage
within a starch molecule, liberating firstly
dextrin and then a mixture of reducing sugars,
especially -maltose:
Preliminary experiment showed that -amylase
activity of the bacterial cells cannot be assayed
by a short-time incubation Thus the experiment
was decided to study the effect of Con A on the
150
Fig. 27a. Effect of concanavalin A on -amylase production
of B. cereus ATCC 14579
Fig. 27b. Effect of concanavalin A on -amylase production
of B. licheniformis IFO 12107
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-amylase production of the bacterial cells during
their growth in a batch culture.
Production of -amylase by Be cereus ATCC 14.579
was more active than B. licheniformis IFO 12107.
Within 24 hrs of cultivation, almost all the starch
in the medium (500 mg) was hydrolyzed by the -
amylase produced by Be cereus ATCC 14579 (Fig, 27a).
On the other hand, only approximately 50% (260--mg)
of the original starch (500 mg) in the culture medium
was hydrolyzed by B. licheniformis IFO 12107 (Fig.
27a, 27b).
However, no significant stimulation on
amy.lase production was detected in cultures treated
with 500 ug/ml Con A of both bacteria (Fig 27a, 27b).
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D. Effect of concanavalin A on synthesis of macro-
molecules and uptake of amino acid and carbo-
hydrate
Since growth is a final result of various
physiological processes operating in a cell, it
is essential to study the effect of Con A on
selected individual physiological processes
before the mechanism of Con A-stimulated growth
can be explained. Therefore, DNA, RNA and protein
synthesis were measured for the Con A-treated
bacterial cells. On the other hand, growth of.
bacterial cells requires uptake of exogenous
nutrients into the cells. Therefore the effect
of Con A on the transport of nutrient molecules
into the cells was also elucidated,
1. RNA synthesis
The effect of Con A at a concentration of
500 ug/ml on the RNA synthesis of B. cereus
ATCC 14579 and B. licheniformis IFO 12107 are
shown in Fig. 28a and Fig. 28b, respectively.
For B. cereus ATCC 14579, while both the
control cells and the Con A-treated cells
155
Fig. 28a. Effect of concanavalin A on RNA synthesis of B.
cereus ATCC 14579
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showed a rapid increase in RNA synthesis during the first
hour of incubation, RNA syntheis in Con A-treated cells was
operated at a much faster rate (Fig. 28a). The Con A-treated
cells already showed a much high rate of RNA synthesis than
that of the control at approximately 15 min of cultivation.
During the next 9 hr, RNA synthesis of the Con A-treated cells
kept on increasing though at a much lower rate while the RNA
synthesis of the control cells remained at a low constant
level (Fig. 28a). The difference in RNA synthesis of these two
types of cultures at 10th hr of incubation became very obvious
that Con A-treated cells synthesized approximately twice more
RNA than the control cells (Fig. 28a).
The RNA synthesis of B. licheniformis IFO 12107 (Fig. 28b)
showed a similar pattern as-that of B. cereus ATCC 14579
(Fig. 28a). Within the first 15 min of cultivation, RNA synthesis
in the Con A-treated cells was carried out at a higher rate than
that of the control. The rate of RNA synthesis dropped to much
lower levels.for both cultures afterwards. However, RNA synthesis
of the Con A-treated cells still showed a gradual increase and
that of the control cells remained at a relatively low constant
level (Fig. 28b). The extent of Con.iA stimulated RNA synthesis
in B. licheniformis IF012107 (Fig. 28b) was not as great as
that of B. cereus ATCC 14579( Fig. 28a).
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Experimental results on the dosage effect of
Con A on the RNA, synthesis of B. cereus ATCC 14579
and B. licheniformis IFO 12107 are shown in Fig.
29a and Fig. 29b, respectively. The Con A-stimulated
effect on RNA synthesis of the two bacteria was
dosage dependent. The optimal concentration for
stimulation was 1000 ug/ml Con A for B.' cereus
ATCC 14579 (Fig. 29a) and 750 )lg/ml for B. licheni-
formis IFO 12107 (Fig. 29b). The level of stimulat-
ion started to decrease while cells were treated
with 1000 ug/ml Con A*
Fig. 30a'and Fig 30b show the effect of Con A-
inhibitors, a-methyl-D-mannoside (qMM) and o(-methyl-
D-glucoside (o(MG), on the Con A-stiwulated RNA syn-
thesis of B. cereus ATCC 14579 and B. licheniformis
IFO 12107. It was found that 40, 60 and 80 mg/ml of
MM or MG were able to suppress the Con A stimulate
RNA synthesis of the two bacteria. The suppression
of the Con A effect was found to be inhibitor do-
sage dependent and that 80 mg/ml of c(MG completely
suppressed the stimulatory effect of Con A on RNA
synthesis of the bacterial cells.
160
Fig. 29a. Dosage effect of concanavalin A on RNA synthesis
of B. cereus ATCC 14579( 1 hour)
Fig. 29b. Dosage effect of concanavalin A on RNA synthesis
of B.
























Fig. 30a. Effect of -methyl-D-mannoside ( MM) and -methyl
-D-glucoside ( MG) on concanavalin A-stimulated RNA
synthesis of B. cereus ATCC 14579( 1 hour )
Fig. 30b. Effect of oC -methyl-D-mannoside ( MM) and -methyl
-D-glucoside ( MG) on concanavalin A-stimulated RNA
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2. Protein synthesis
Con A at .a concentration of 500 )lg/ml was found to
stimulate protein synthesis of the two bacteria (Fig. 31a,
31b). The Con A-treated cells showed higher rate of protein
synthesis compared with the controls: For both bacterial
strains, Con A stimulated protein synthesis became obvious
after the 2nd hr of cultivation. In B. cereus ATCC 14579,
protein synthesis occurred at a high rate until 6 hr after
incubation (Fig. 31a) while cells of B. licheniformis IFO
12107 started to synthesize protein at a higher rate until
4 hr after incubation (Fig. 31b). The stimulation exerted
by Con A on.protein synthesis was still-obvious after 6 hr
of incubation for B. cereus ATCC 14579 (Fig. 31a) and 4 hr
for B. licheniformis IFO 12107 (Fig. 31b).
Although the phenomenon of dosage dependence was
observed for the effect of Con A on protein synthesis of
the two bacteria, their responses were somewhat different.
For B. cereus ATCC 14579, the level of Con A-stimulated
protein synthesis increased stepwise while treated with
100 ug /ml to 1000 ug/ml of ConA (Fig. 32a). Maximal protei
was obtained at Con A concentration of.
1000 ug/ml at which a 2.2 - fold increase
167
Fig. 31a. Effect of concanavalin A on protein synthesis of
B. cereus ATCC 14579
Fig. 31b. Effect of concanavalin A on protein synthesis of
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Fig. 32a. Dosage effect of concanavalin A on protein synthesis
of B. cereus ATCC 14579( 10 hours)
Fig. 32b. Dosage effect of concanavalin A on protein synthesis
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in protein synthesis over the control was observed
(Fig. 32b). Reduction on stimulation of protein
synthesis occurred while the culture was treated
with Con A at concentrations higher than 1000 ug/ml
(Fig. 32a).
The extent of stimulation exerted by Con A on
protein synthesis of B. licheniform s IFO 12107 was
not as extensive as that for B. cereus ATCC 14579.
The optimal concentration of Con A for stimulation
of protein synthesis was 750 ug/ml at which only a
1.3-fold increase in protein synthesis over the
control was observed.(Fig. 32b).
The effect of -methyl-D-mannoside and -methyl
-D-glucoside on Con A-stimulated protein synthesis
in B. cereu.s ATCC 14579 and B. licheniformis IFO
12107 are shown in Fig. 33a and Fig. 33b, respect-
ively.
For both bacteria, 40, 60 and 80 mg/ml of MG
and MG were found to be effective in reducing the
Con A effect on protein synthesis. A dosage effect
was also observed; higher concentrations of MM and
MG induced greater degree of suppression of Con A
stimulated protein synthesis. However, the suppres-
174
Fig. 33a. Effect of -methyl-D-mannoside ( MM) and -methyl
-D-glucoside (OG) on concanavalin A-stimulated
protein synthesis of B. cereus ATCC 14579 (10 hours)
Fig. 33b. Effect of -methyl-D-mannoside MM) and o-methyl
-D-glucoside ( MG) on concanavalin A-stimulated
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sion was not complete even relatively high con-
centrations (80 mg/ml) of MM or MG was applied
(Fig. 33a, 33b),
In order to determine how fast and to what
extent Con A exerted its stimulatory effect on
protein synthesis once came into contact with
the bacterial cells, an experiment was set up to
study the effect of different Con A incubation
time on protein synthesis of B. cereus ATCC 14579
(Fig. 34a) and B. licheniformis IFO 12107 (Fig.
34b). It was found that an almost immediate
stimulation (1 min) on protein synthesis was
caused by the Con A on the bacterial cells. The
levels of stimulated protein synthesis remained
constant after 30 min incubation. Therefore 30
min or 60 min was taken as the Con A incubation
time for the other experiments in this study.
3. DNA synthesis
The cells in the untreated culture of B.
cereus ATCC 14579 had a very low rate of DNA
synthesis in the first 6 hrs of incubation (Fig.
35a). Addition of 500 ug/m1 of Con A to the
bacterial culture, on the other hand, increased
178
Fig. 34a. Effect of concanavalin A incubation time on protein
synthesis of B. cereus ATCC 14579( 10 hours)
Fig. 34b. Effect of concanavalin A incubation time on protein
synthesis of B. licheniformis IFO 12107( 12 hours)
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Fig. 35a. Effect of concanavalin A on DNA synthesis of B.
cereus ATCC 14579
Fig. 35b. Effect of concanavalin A on DNA synthesis of
B. licheniformis IFO 12107
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the rate of DNA synthesis from the first. 15 min
of incubation onward (Fig. 35a). For cells of B.
cereus ATCC 14579, the total amount of DNA synthe-
sized after 12 hr of incubation was 6.3-fold of
that observed for the control (Fig. 35a).
Both the control and the Con A-treated cells of
B. licheniformis IFO 12107 showed a high activity of
DNA synthesis (Fig. 35b). although the extent of
Con A-stimulated DNA synthesis was smaller than that
observed-with the cells of B. cereus ATCC 14579
(Fig. 35a). From the very beginning of incubation,
control cells of B. licheniformis IFO 12107 had a
relatively high rate of DNA synthesis until the 8th
hour at which the rate of DNA synthesis dropped
slowly (Fig. 35b). Stimulation of DNA synthesis by
Con A began at the first 15 rain and became
obvious after the first hour. At the 12th hr, the
Con A-treated cells of B. licheniformis IFO 12107
synthesized approximately-twice as much as that by
the control cells (Fig..35b).
The Con A-stimulated DNA synthesis of.the two
bacteria was also found to be Con A dosage dependent.
The optimal Con A concentration for stimulation of
DNA synthesis in B. cereus ATCC 14579 was found to
185
be 1000 ug/ml at which 9.3-fold increase in DNA
synthesis as compared with the control was observ-
ed (Fig. 36a). However, maximal DNA' synthesis of
B. licheniformis IFO 12107 occurred by the addit-
ion of 750 fag/ml of Con A into the culture medium
which stimulated approximately twice more DNA
synthesis than the control (Fig. 36b).
Experimental data indicated that O (MM and
o\MG were also effective inhibitors or Con A
stimulated DNA synthesis of B. cereus ATCC 14579
and B. licheniformis IFO 12107. It was found
that 40, 60 and 80 mg/ml of o(MM or o(MG were able
to partially suppress the stimulatory effect of
Con A on DNA synthesis of the two bacteria (Fig.
37a, 37b). Again, complete suppression was not
observed even in the presence of the highest
concentration (80 mg/ml) of these inhibitors.
4. Uptake of 14C-proline
The effect of Con A on 14C-proline uptake by
cells of B. cereus ATCC 14579 and B. licheni-
formis IFO 12107 are shown in Fig. 38a and Fig.
38b, respectively.
186
Fig. 36a. Dosage effect of concanavalin A on DNA synthesis
of B. cereus ATCC 14579( 10 hours)
Fig. 36b. Dosage effect of concanavalin A on DNA synthesis






















Con A( x102 g/ml )
189
Fig. 37a. Effect of -methyl-B-mannoside ( MM) and -methyl
-D-glucoside ( MG) on concanavalin A-stimulated DNA
synthesis of B. cereus ATCC 14579( 10 hours)
Fig. 37b. Effect of -methyl-D-mannoside ( MM) and -methyl
-D-glucoside ( MG) on concanavalin A-stimulated DNA
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Fig. 38a. Effect of concanavalin A on 14C-proline uptake
by B. cereus ATCC 14579
Fig. 38b. Effect of concanavalin A on 14C-proline uptake



































Con A at a concentrationof 500 ug / ml was able
to stimulate14 C - proline uptake by B . cereus ATCC
14579 and B . licheniformisIFO 12107 . For both
bacteria , the Con A stimulated effect became very
obviousat 15 min of incubation( Fig . 38 a , 38 b ) .
Again , the Con A stimulated14 C - prblifie uptake
by the two bacteria was found to be dosage dependent.
For B . cereus ATCC 14579 , the uptake of 14 C - proline
was maximizedat Con A concentrationof 1000 Jug / ml
at which approximatelya 2 - fold increasein 14 C -
proline uptake was observed as compared with the
controlcells ( Fig . 39 a ) . In case of B . licheniformis
IFO 12107 , the optimal concentrationof Con A for
proline uptake was also 1000 lag / ml at which only
1 . 4 - fold stimulationwas - obtained( Fig . 39 b ) .
The inhibitoryaction of MM and MG on Con A
stimulatedproline uptake by cells of B . cereus
ATCC 14579 and B . licheniformisIFO 12107 are shown
in Fig . 40 a and Fig . 40 b , respectively. The inhibit -
ors employedat concentrationsof 40 , 60 and 80
mg / ml were found to be able to suppressthe Con A
effect on 14 C - proline uptake . of the bacterialcells .
This suppressionof the Con A effect was ( MM and
MG dosage dependent.
196
Fig. 39a. Dosage effect of concanavalin A on 14C-proline
uptake by B. cereus ATCC 14579
Fig. 39b. Dosage effect of concanavalin A on 14C-proline
uptake by B. licheniformis IFO 12107
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Fig. 40a. Effect of -methyl-D-mannosise ( MM) and -methyl
-D-glucoside (oCMG) on concanavalin A-stimulated
14C-proline uptake by B. cereus ATCC 14579
( 6 hours)
Fig. 40b. Effect of off-methyl-D-mannoside ( MM) and -methyl
-D-glucoside (o MG) on concanavalin A-stimulated
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5. Uptake of 14C-galactose
Con A at a concentration. of 500 dug/ml sti-
mulated 14C-galactose uptake of B. cereus ATCC
14579 and B. licheniformis IFO 12107. For both
bacteria, the Con A stimulated effect was observ-
ed after 2 hr of incubation (Fig. 41,a, 41b), The
stimulation became highly significant at the 10th
hour of incubation, at which the Con A-treated
cells of B. cereus ATCC 14579 had taken up 4.5
times as much as 14C-galactose (Fig. 41a), and
the Con A-treated cells of B. licheniformis IFO
galactose (Fig. 41b) as compared with their res-
pective controls. A general observation was made
that there was no or very low level of 14C-
galactose uptake by the two bacteria throughout
the first 6 hrs of incubation (Fig. 41a, 4-1b),
Con A-stimulated 14C-galactose uptaken by
the two bacteria was found to be Con A dosage
dependent. In case of B. cereus ATCC 14579, Con A
at 1000 uzg/ml was the optimal level for the
stimulatory effect, although the differences in
the extent of stimulation-caused by 500, 750,
1000 and 1500 )lg/ml of Con A were not significant
12107 had taken up 3.4 times as much as 14C-
203
Fig. 41a. Effect of concanavalin A on 14C-galactose uptake
by B. cereus ATCC 14579
Fig. 41b. Effect of concanavalin A on 14C-galactose uptake
by B. licheniformis IFO 12107
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Fig . 41 a
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(Fig. 42a). At 1000 )lg/ml, Con A stimulated the cells
to uptake 4.8 times more 14C-galactose than the
control cells (Fig. 42a). For B, licheniformis IFO
12107, highest activity of 14C-galactose uptake was
provided by 500 to 750 dug/ml of Con A (Fig. 42b).
The stimulatory effect of Con, A declined from 1000
}ag/ml onward. However, while stimulated by 750 ,ug/ml
of Con A, cells of B. licheniformis IFO 12107 took
1
up 3.8 times more 4C-galactose than the control
cells (Fig.42b).
The suppression of Con A stimulation by 40, 60
and 80 mg/ml of VMM and of MG was observed in B.
cereus ATCC 14579 (Fig. 43a) and B. licheniformis
IFO 12107 (Fig. 43b). The inhibition of Con A effect
was also o(MM or.O(MG dosage dependent, It was found
that 60 and 80 mg/ml of o(MG and 80 mg/ml MM not
only suppressed the Con A stimulated 14C-galactose
uptake by the bacterial cells, but actual reduced
the uptake of 14C-galactose to levels lower than
those of the controls (Fig. 43a, 43b).
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Fig. 42a. Dosage effect of concanavalin A on 14C-galactose
uptake by B. cereus ATCC 14579 (10 hours)
Fig. 42b. Dosage effect of concanavalin A on 14C-galactose
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Fig. 43a. Effect of -methyl.-B-mannoside (MM) and -methyl
-B-glucoside (rcMG) on concanavalin A-stimulated
14C-galactose uptake by B. cereus ATCC 14579
( 10 hours)
Fig. 43b. Effect of -methyl-D-mannoside ( MM) and -methyl
-D-glucoside (MG) on concanavalin A-stimulated














=00Con A 0 500 500 500 500 500 500 (ug /ml)
ccMM 0 0 40 60 80 0 0 0 (mg/ml)












5 ( x 102ug/ml)55 55550Con A
( mg/ mI)00080so0 400oeMM
( mg/ mi)60 8040000ocMM 0 0
212
E. 3H-Concanavalin.A binding
1. 3H-Con A binding to whole cells
a) Kinetic analysis
A kinetic analysis of 3H-Con A binding
to the bacterial cells at O°C showed a steep
linear increase of 3H-Con A bound to the
cells of B. cereus ATCC 1.4579 (Fig. 44a) and
B. licheniformis (Fig. 44b) for the first 30
min. Continued incubation of the cultures
showed much slower increase in 3H-Con A
association with the bacterial cells. Binding
saturation was obtained after 4 hr of incu-
bation (Fig. 44a, 44b). Based on the results
of this experiment, an incubation time of 4
hr was employed for subsequent experiments.
b) Effect of temperature and -methyl-D-mannoside
on 3H-Con A binding
Table 10 shows the effect of temperature
(0°C. and 35°C) and 100 j.g/ml of ckMM on the
3H-Con A binding to cells of B. cereus ATCC
14579 and B. licheniformis IFO 12107.
For both bacteria the amounts of 'H-Con A
213
Fig. 44a. A kinetic study of 3H-concanavalin A binding to
cells of B. cereus ATCC 14579 at 0°C
Fig. 44b. A kinetic study of 5H-concanavalin A binding to




































Table. 10. Effect of temperature and -methyl-D-mannoside on 3H-Concanavalin A binding to cells
of B. cereus ATCC 14579 and B licheniformis IFO 12107
B. cereus B. licheniformis
Temperature 100 mg/ml 3H-Con A bound Specific Binding 3H-Con A bound Specific Binding
(C) MM (CPM/mg Cell) (CPM/mg Cell) (CPM/mg Cell) (CPM/mg Cell)
0 16784.0 14648.0 14095.0 9229.0
2136.0 4866.0
35C 24500.52 14706.0 19210.0 9045.0
9794.0 10165.0
Specific Binding = 3H-Con A bound to the bacteria incubated in the absence of MM minus that
incubated in the presence of MM (Keenan et al., 1974; Romeo et al., 1978)
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bound to the bacterial cells incubatedat 0 ° C were
much less than those incubatedat 35 ° C . The amounts
of 3 H - Con A bound should be considerdas the direct
binding of the Con A molecules to the bacterial cell
surface. It was also found that 100 mg / ml J 1 tl aboli -
shed37 . 3 % ( B . cereusATCC14579) and 65 . 5 % ( B .
licheniformisIFO 12107 ) of the 3 H - Con , A bound to
the cells incubatedat 0 ° C .
Since o ( MM is an inhibitorof specific Con A
binding , the result suggested that the binding of
3 H - Con A to the cell surfaceof B . cereus ATCC 14579
and B . licheniformisIFO 12107 occurred mainly
through the interaction of Con A molecules to sugar
componentsof the bacterial envelope. When 100 m 9 / ml
OM was added to the Con A - treated cells incubated
at 35 ° C there was still 40 % ( B . cereusATCC 14579
and 50 % ( B . licheniformisIFO 12107 ) of the 3 H - Con A
bound to the cells as comparedwith the cells in -
cubated in the absence of o ( MM . This result indicated
that in addition to the specific sugar - Con A binding ,
Con A molecules may bind to the bacterial envelop
throughnon - specificbindingat 35 ° C .
218
2. Preparation of protoplast
Under the cultivation conditions of the
present study, cells of B. cereus ATCC 14579
were long,square ended single or paired rods
(Fig. 45a), and cells of B. licheniformis IFO
12107 were long rods arranged-in extremely long
filamentous forms (Fig. 45b).
While young cells were suspended in 0.05%
lysozyme and 0.01 M magnesium chloride at neutral
pH, the enzyme digested the peptidoglycan layer
of the bacterial cells by attacking the 1-4,
glycosidic linkage of the N-acetylmuramic: N-
acetylglucosamine polymer. As the mechanical
rigidity of the bacterial cells was lost, the
cells became spherical in shape and protoplasts
were obtained.
During the first 15 min of treatment, fila-
ments of B. licheniformis IFO 12107 started to
break down into fragments consisting of 1 or 2
cells and the individual cells began to round up
(Fig. 46b). After 30 min, formation of protoplast
was completed (Fig. 47b). At the same time, only
about 70% of the cells of B. cereus ATCC 14579
219
Fig. 45a. Phase contrast micrograph of whole cells of B. cereus
ATOC 14579






Fig. 46a. Incomplete formation of B. cereus ATCC 14579
protoplast by incubating the cells with 0.05%
lysozyme and 0.01M magnesium chloride for 30 min
Fig. 46b. Incomplete formation of B. licheniformis IFO
12107 protoplast by incubating the cells with






Fig. 47a. Complete protoplast formation of Be cereus ATCC
14579 by incubating the cells with 0.05% lysozyme
and 0.01M magnesium chloride fo.r 60 min
Fig. 47b.Complete protoplast formation of B. licheniformis
IF0 12107 by incubating the cells with 0.05%





Fig. 48a. Cell debris of B. cereus ATCC 14579 resulted
from lysis of the protoplast suspended in
deionized water
Fig. 48b. Cell debris of B. licheniformis IFO 12107






Fig. 49a. Formation of rod-shaped protoplast of B. cereus
ATCC 14579 by incubating the cells with 0.05%
lysozyme and 0.2M magnesium chloride for 4 hr
Fig. 49b. Formation of rod-shaped protoplast of B. licheniformis
IFO 12107 by incubating the cells with 0.05%





were converted to protoplast (Fig. 46a).. A 60 min
treatment was necessary for the complete conversion
of the rod-shaped cells of-B. cereus ATCC 14579 to
protoplasts (Fig. 47a).
Lysis of the protoplasts occurred while sus-
pending them in deionized distilled water. Debris
of B. cereus ATCC 14579 and B. licheniformis IFO
12107 protoplasts after lysis are shown in Fig. 48a
and Fig. 48b, respectively.
On the other hand, while the rod-shaped cells
were incubated in 0.05% lysozyme and 0.2 M of
magnesium chloride, no spherical protoplast was
formed even after 4 hr of incubation (Fig. 49a,
49b). It was found that the concentration of mag-
nesium chloride used was an critical factor in
converting bacterial. cells to protoplasts of spheri-
cal shapes.
3: Localization of 3H-Con A. binding sites
Results on the binding of 3H-Con A to different
bacterial fractions of B.. cereus ATCC 14579 and B.
licheniformis IIO 12107 at OoC are shown in Table
11, and Fig. 50a and Fig. 50b.
Table. 11. Localization of 3H-Concanvalin A binding to different bacterial fractions of B. cereus ATCC 14579 and
B. licheniformis IFO 12107
B. cereus B. licheniformis
Fractions
Temperature 100 mg/ml 3H-Con A bound Specific Binding 3H-Con A bound Specific Binding






























































Fig. 50a. Localization of 3H-Concanavalin A bound to whole
cell, protoplast, ghost and cytoplasm fractions
of B. cereus ATCC 14579
Fig. 50b. Localization of 3H-Concanavalin A bound to whole
cell, protoplast, ghost and. cytoplasm fractions
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Highest binding of 3H-Con A was found to be
located in the whole cells fraction. After the
peptidoglycan component of the cell wall was removed,
still relatively high levels of 3H-Con A were
bound to the protoplast. After lysis of the
protoplast, the 3H-Con A level was found mainly
in the 'ghost' fraction, which consisted of the
cell membrane and the membrane bound lipoteichoic
acid. Also, it was found that only very low level
of 3H-Con A was found in the cytoplasm. Experimental
results on binding of 3H-Con A to the cells
incubated An the presence of 100 mg/ml of MM
are also shown in Fig. 50a and Fig. 50b. These
values represented the non-specific binding of
the Con A molecules to the bacterial cells.
Quite similar levels of non-specific Con A
binding were obtained for the whole cells, protop-
last and the 'ghost' fraction. On the other hand,
the level of non-specific Con A bound to the
cytoplasm was extremely low.
235
F. Effect of Concanavalin A on intracellular cyclic
3', 5'-Adenosine monophosphate (cyclic AMP) and
cyclic 3', 5'-Guanosine monophosphate (cyclic GMP)
levels
In lymphocyte, cyclic AMP and cyclic GMP
were suggested to be possible intracellular
mediators of mitogenic influences by concanavalin
A (Hadden et al., 1972). This observation leads
to experiments designed for the detection of the
intracellular levels of cyclic AMP and cyclic GMP
in the Con A-stimulated bacterial system,
1. Intracellular cyclic 3', 5' adenosine mono-
phosphate level
Using the present method, no cyclic AMP
was detected in.the cells of B. cereus ATCC
14579 and B. licheniformis IFO 12107 (Table 12).
The method used should be able to measure cyclic
AMP levels in the range of 0.2 to 16 picomoles
with a detection limit of 0.05 picomoles. How-
ever, the readings for the two bacteria showed
levels well below the zero dose of the cyclic
AMP standard even though they have incubated
for as long as 12 hr..
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Table. 12. Intracellular cyclic AMP level in B. cereus ATCC 14579
and B. licheniformis IFO 12107
Standard Curve







Cyclic AMP levels of B. cereus ATCC 14579 and B. licheniformis
IFO 12107
CPM






2. Intracellular cyclic 3', 5' Guanosine monophos-
phate-level
The effect of Con A on growth and the intra-
cellular cyclic GMP level of B. cereus ATCC
14579 and B. licheniformis IFO 12107 are shown
in Fig. 51a and Fig, 51b, respectively.
Since a relatively large inoculum size
(1.6 x107 cells/ml) was employed in the experi-
ment, the growth rates of the bacterial cultures
were high and the cultures reached stationary
phase after 8 hr of incubation for B. cereus
ATCC 14579 (Fig. 51a) and 10 hr for B. licheni-
formis IFO 12107 (Fig. 51b). For B. cereus
ATCC 14579, the intracellular cyclic GMP level
varied with the different growth phases of the
culture. The level started to increase from the
very beginning of incubation and reached the
maximum level at mid-log phase. The level began
to decline even though the total count of the
bacterial cells were still increasing. The
cells reached stationary phase of growth at 2
hr after the intracellular cyclic GMP level
started to fall. The cyclic GMP eventually
dropped to a very low level as the cells stayed
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Fig. 51a. Effect of concanavalin A on growth and intracellular
cyclic GMP level of B. cereus ATCC 14579
Fig. 51b. Effect of concanavalin A on growth and intracellular
cyclic GMP level of B. licheniformis IFO 12107
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Fig. 51a






























































in the stationary phase (Fig. 33a). A similar pat-
tern of result was obtained for cells of B. licheni-
formis IFO 12107 (Fig 51b), Based on these results,
an incubation-period of 7 hr was employed in sub-
sequent experiment to elucidate the dosage effect
of Con A on intracellular cyclic GMP level of the
bacteria.
On the other hand, it was evident that ititra-
cellular cyclic GMP level was much higher in Con A-
treated•cells than in.the control (Fig. 51a, 51b).
The initial cyclic GMP levels of the control and
Con A-treated cells were the same. As incubation
proceeded, the maximal levels of cyclic GMP produced
in Con A-treated cells were approximately 2-fold of
the controls (Fig. 51a, 51b). This observation
suggests that cyclic GMP was closely related to the
Con A-stimulatory actions on the physiological
aspects of the two bacteria. The extent of Con A
stimulation on cyclic GMP level in cells of B.
licheniformis IFO '12107 (Fig. 51b) was observed to
be lower than in cells of B. cereus ATCC 14579 (Fig.
51a).
The dosage effect of Con A on the intracellular
Cyclic GMP levels of the two bacteria are shown in
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Fig. 52a (B, cereus ATCC 14579) and Fig. 52b (B.
licheniformis IFO 12107).
For B, cereus ATCC 14579, 250, 500 750 1000
and 1500 g/ml of Con A were found to increase the
intracellular GMP level. The stimulatory effect of
Con A was dosage-dependent. The optimal concentrat-
ions was 500 to 1000 jig/ml. At these concentrations,
Con A treated cells showed a 2-fold increase--in the
cyclic GMP level in the cells as compared with the
control However, increasing the concentration of
Con A beyond 1000 ig/ml decreased the cyclic GMP
level in the cells..On the other hand, 60 mg/ml of
dMM or, o(MG found to suppress the Con A-stimulated
cyclic GMF level in the cells. Almost 90% inhibition
of the Con A effect was achieved by this concentrat-
ion of MM and MG.
A similar result was obtained for B. licheni-
formis IFO 12107 (Fig. 52b). However, the extent of
stimulation exerted by Con A on the intracellular
cyclic GMP level was smaller than that observed for
B. cereus ATCC 14579 (Fig. 52a). A 1.7-fold increase
in cyclic GMP level was obtained by treating the
cells with the optimal concentration, 1000 g/ml of
Con A. Again, 60 mg/ml of MM or MG was able to
suppress the Con A-stimulated cyclic GMP level by
80% (Fig. 50b).
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Fig. 52a. Dosage effect of concanavalin A on intracellular
cyclic GMP level of B. cereus ATCC 14579
Fig. 52b. Dosage effect of concanavalin A on intracellular






























A. Effect of Con A on bacterial growth
Con A at 50, 100, 250, 500 and 750 )Zg/ml
stimulates the growth of B. cereus ATCC 14579 and
B. licheniformis IFO 12107. Both the total count
as determined by turbidity and the viable count
confirm the same results. The viable count shows
that 250 pg/ml of Con A increases the specific
growth rate from 0.52 hr to 0.97 hr for B.
cereus ATCC 14579, and from 0.49 hr- to 0.67 hr
for B. licheniformis IFO 12107. It is. obvious
that Con A is able to stimulate cell division and
thus the growth of both B. cereus ATCC 14579 and
B., li chenif o'rmi s IFO 12107*
Con A has been shown to be a mitogen for
human lymphocyte (Novogrodsky and Katchalski,
1971 Andersson et al.., 1972a Stobo et al., 1972).
When treated with Con A, the quiescent, non-
divinding lymphocytes transform into a state of
growth and poliferation. After a series of phy-
siochemical responses, the lymphocytes divide
actively. Results of the present study show a
similar situation that cells of B. cereus ATCC
14579 and B. licheniformis IFO 12107 exhibit
elevated growth and division when stimulated by
Con A*
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The mitogenic stimulation of lymphocyte by Con
A is caused by binding of Con A molecule to about
5% of the Con A receptors on the-cell surface (And-
ersson et al., 1972a Stobo et al., 1972). In the.
present study, it is important to determine whether
the stimulatory effect of Con A on the bacteria is
due to a specific interaction between the Con A
molecule and its receptors on the bacterial surface.
As of -D-mannopyranosyl residue is found. to be most
complementary to the Con A binding site (Goldstein
et al., 1965b So and Goldstein, 1967, 1968, 1969
Goldstein et al., 1973, 1974), c-methyl-D-manno side
is chosen in an attempt to inhibitor reverse the
stimulatory effect exerted by Con A on the two bact-
eria. The results indicate that a Mi,,i can inhibit al-
most completely the stimulatory effect of Con A,
which suggests that a specific binding of Con A to
a sugar component of the bacterial surface is necess-
ary for triggering the stimulatory effect on growth
of the two bacteria.
B. cereus ATCC 14579 and B. licheniformis IFO
12107 differ in the extent of response to Con A
stimulation. When treated with 250 -.g/ml Con A, the
cells of B. cereus ATCC 14579 show a 1.87-fold in-
crease in the specific growth rate. However, only
248
a 1.37-fold increase in the specific growth rate of
B. licheniformis IFO 12107 is observed when treated
with 250 jig/ml of Con A. This observed difference
towards Con Aaction may due to the different num-
bers of Coil A-binding sites exist on the surfaces of
the two bacteria. A quantitative study of Con A
binding sites on the surface of the two bacteria
will'be discussed later.
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B. Effect of Con A on oxygen uptake
Since B. cereus ATCC 14579 and B. licheni-
formis IFO 12107 are aerobic heterotrophic bacte-
ria, their rates of oxygen uptake can represent
their rates of respiration, and thus the activity
of their energy-yielding processes.
Oxygen uptake of B. cereus ATCC 14579 and B.
licheniformis IFO 12107 is found to be stimulated
by different concentrations of Con A. It is likely
that various energy-consuming physiochemical
processes, including macromolecule synthesis,
uptake of nutrients and other enzymatic reactions
are stimulated by Con A. Due to this stimulation,
the cells should demand higher energy supply.
Therefore oxygen uptake is enhanced by the Con A-
stimulated cells in order to supply more energy
through the glycolytic pathway and the TCA cycle.
This is in agreement with the results of Roos and
Zoos (1970) who reported that carbohydrate meta-
bolism of human peripheral lymphocytes was stimu-
lated by phytohaemagglutinin. They also suggested
that the vitro action by phytohaemagglutinin
began with the stimulation of energy consuming
processes, and the energy demand was met by
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increase of the functioning of glycolysis and the
TCA cycle. That. inhibitors of glycolysis completely
block phytohaemagglutinin stimulation of all para-
meters measured further support these conclusion
(Roos and Loos, 1970).
Romeo et al (1973) also reported than addition
of Con A to polymorphonuclear leukocytes (PMNL) and
alveolar macrophage (AM) suspensions induced-a_rather
rapid enhancement in the rate of cell respiration.
The stimulation on the respiratory rate by Con A is
reversible by -methyl-L-mannoside which is also.
known to bind to Con A (Powell and Leon, 1970). The
reversibility of the Con A stimulation by this in-
hibitor suggests that the binding of Con A to PMNL
or AM leading to a change in the properties of their
surface or plasma membrane is necessary for the
stimulation of their oxidative metabolism. On the
other hand, the Con A stimulated oxygen uptake of
B. cereus ATCC 14579 and-B. licheniformis IFO 12107
is inhibited by o!-methyl-D-mannoside, though the in-
hibition is not completed. The incomplete inhibition
of Con A stimulated respiration by MM may be
attributed to the existence of non-specific binding
of Con A molecules to the surface of the two bacteria
under the conditions specified for the experiment.
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The non-specific binding, which will be discussed
in detail later, may not be able to induce the con-
formational change of the cell surface but is able
to trigger the stimulation of the oxidative metabo-
lism.
The stimulation on oxygen uptake of B. cereus
ATCC 14579 and B. licheniformis IFO 12107 by Con A
is found to be dosage-dependent. The optimal con-
centration of Con A for stimulation is 750 ug/ml.
This agrees with the results of Chu and. Chen (1979),
who reported that the inhibition of DNA-induced
transformation by Con A in B. subtilis strain 168
was concentration-dependent and the inhibition of
transformation increased with the amounts of Con A
added from a concentration of 500 p.g/ml to 1000 ug/ml,
beyond which the inhibitory effect began to level
off. These authors also found that Con A at con-
centration beyond 1000 pg/ml decreased the cell
viability of B. subtilis.168. This result agrees with
the present finding that the total amount of oxygen
uptake determined in 90 min starts to decline when
treated with 1000 pg/ml Con A.
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B. cereus ATCC 14579 possesses a higher rate of
oxygen uptake than B. licheniformis IFO 12107. Within
120 min, B. cereus ATCC 14579 uptakes 190 ul while
the same cell mass of B. licheniformis IFO 12107
uptakes only 120 ul of oxygen. However, oxygen uptake
of the two bacteria show similar response to the
action of Con A. Con A at 750 ug/ml causes a 1.6-
fold and a 1.5-fold increase of oxygen uptake in
cultures of B. cereus ATCC 14579 and B. licheniformis
IFO 12107, respectively.
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C. Effect of Con A on enzyme activities and enzyme
production
Metabolism of bacteria involves many enzy-
matic reactions. As Con A is found to stimulate
growth and oxygen uptake of B. cereus ATCC 14579
and B. licheniformis IFO 12107, it is worthwhile
to study the effect of Con A on certain enzymes
so that the enzymatic responses of the cells can
be correlated with the physiological events that
occurred under Con A treatment. Four enzymes have
been selected, namely dehydrogenase, phosphatase,
-glucosidase and -amylase. Dehydrogenase and
phosphatase are membrane bound enzymes while-
glucosidase and -amylase are exoenzymes secreted
by the cell into the external environment.
The effects of Con A on these two groups of
enzymes are found to be quite different. Con A
at a definite concentration range is able to
stimulate the activity of membrane bound enzymes,
while the production of -amylase is not affected
by Con A. The stimulation exerted by Con A on the
activities of membrane bound enzymes may be
explained by a model proposed by Hughes (1975).
The binding of Con A to cell surface perturbs
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its receptor sites. The change in the location of
surface receptor sites may induce realignment of
other surface molecules in the membrane. Such a
realignment would convert membrane bound enzymes
from an inactive conformation into an active state.
Then, the activity of the membrane bound enzyme is
stimulated. Furthermore, the activation of dehydro-
genase and phosphatase activities is necessary for
the cells stimulated by Con A. Respiratory system
of bacteria mainly involves a number of dehydrogenases,
which function in glycolysis and the TCA cycle of the
cells. Operation of dehydrogenase converts NAD+ to
NADH which enters the electron transport chain to
yield the energy-rich ATP molecules. Break down of
ATP by phosphatase generates energy for cellular
metabolism. As Con A binds. to the cell, various
energy-consuming physiological processes are sti-
mulated. In order to supply sufficient energy for
carrying out these processes, the respiratory rate
and thus the activities of dehydrogenase and phos-
phatases have to be increased to cope with the
demand.
It is found that the production of o-amylase
is not affected by Con A. o-amylase is an exoenzyme
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which breaks down large starch molecule into maltose
or glucose residues before they are transported into
the cell. Obviously the immediate physiochemical
responses of.the cells stimulated by Con A seem not
to involve the production of exoenzyme for the
digestion of complex extracellular substrates such
as the starch molecules in the culture medium so
long as the medium contains simple carbon and energy
sources which can be readily utilized by the cell.
On the other hand, the activities of another exo-
enzyme, -glucosidases of the two bacteria are sti-
mulated by Con A, although the stimulation ratio is
much lower than those of Con A-stimulated dehydrogen-
ase and phosphatase activities. This observation can
be explained by the fact that o-glucosidase hydrolyzes
extracellular substrates to glucose residues which
are an efficient carbon-source for energy supply.
Unfortunately, one finds in the literature a
paucity of information deal specifically with the
effect of Con A on enzyme activity of either lymph-
ocytes or bacteria. Ronquist and Hedstiom (1977)
observed the stimulation by Con A on Mg++ and Ca++-
dependent ATPase (ATP phosphohydrolase EC 3.6.1.3)
of human prostatic fluid. Acyl Con-A: lysolecthin
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acyltransferase (EC 2.3.1.23) is a membrane-bound
enzyme which is activated directly after binding of
Con A to the cell, resulting in increased turnover
of the fatty .acids of membrane phospholipids (Ferber
and Resch, 1973). Furthermore, membrane bound 5'-
nucleolidase has been found to be inhibited by Con A
in different animal cells while the Mg++-dependent
ATPase activity is stimulated by Con A treatment
Zachow'ski and Paraf, 1974). Two mechanisms have
been postulated (Ronquest and Hedstiom, 1977) to
explain the stimulatory effect of Con A on ATPase
activity. The first is the possibility of the bind-
ing of Con A to surface carbohydrate inhibitor of the
ATPase system. The other mechanism postulates that
Con A is a positive allosteric effector. This is in
agreement with results showing membrane-bound
enzymes such as ATPase display cooperativity towards
various allosteric effectors (Slog et al., 1973
Goldemberg et al., 1973). Observation has been made
that Con A binds to 5'-nucleotidase, which is a
glycoprotein, and the activity of both membrane-
bound or purified enzyme is inhibited (Guthensohn,
1978). On the other hand, the activity of membrane-
bound or purified alkaline phosphatase is not
inhibited by soluble Con A despite of the fact that
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alkaline phosphatase is regarded as receptor for
Con A in the human plasentalplasma membrane( tauten - -
sohn , 1978 ) . Assumingthat enzyme inhibitionby a
lectin is mainly caused by steric hinderance, it may
be concludedthat in the case of alkaline phospha -
tase the Con A binding site is located away from the
active center such that the lectin - enzyme complex
remains fully active ( Gutensohn, 1978 ) . This con -
elusion agrees with the results obtained in the
present study that Con A does not inhibit phosphatase
activity and the stimulation of phosphatase activity
is probably mainly due to the increased synthesis of
the enzymesby the Con A - treated cells . It is con -
ceivable that the elevated production and activity of
the membrane bound dehydrogenaseand phosphatase are
triggered by the - Con A - induced conformations) changes
of the cytoplasmicmembrane .
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D. Effect of, Con A on synthesis and uptake of macro-
molecules
Con A is a mitogen for lymphocyte (Andersson
et al., 1972a Stobo et al., 1972). The level
of mitogenic stimulation is now routinely monitored
by measuring the increase in the rate of incorporat-
ion of labelled thymidine, uridine or l•eucine into
the DNA, RNA or protein molecules respectively
(Powell and Leon, 1970 Novogrodsky and Katchalski,
1971 Inbar et al., 1973 Maccecchini and.Burger,
1977). Since mitosis is absent in bacterial system,
it is essential to elucidate the effect of Con A on
the synthesis of DNA, RNA and protein by the cells.
However in the present study, the nucleotide thymid-
ine and uridine are not•used for the assay of DNA
and RNA synthesis. In a preliminary experiment, it
was found that the incorporation of thymidine and
uridine into the cells was inhibited by the Con A
added into the culture medium. The nucleotides
contain deoxyribose and ribose as the sugar components,
which may be bound by the Con A molecules. In this
way, uptake of the nucleotides is hindered by the
large Con A molecules. In case of the experiments
with lymphocyte, the.cells are incubated with Con A
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for 20 or 44 hours before RNA or DNA synthesis is
measured (Novogrodsky, 1971). Also, after incubating
the lymphocytes with Con A for 3. days, .the cells are
washed and suspended in fresh medium before DNA
synthesis is measured (Powell and Leon, 1970). There
fore, there is no or very low level of Con A left in
the fresh medium that can bind to the nucleotides.
However, the time required to commit the cells of
B. cereus ATCC 14579 and B. licheniformis IFO 12107
to stimulation of various physiochemical events is
only 30 min and small amounts of cells is expected
to lose in the washing. Therefore it is better to
use the mitogenous heterocyclic base to replace the
nucleotides in the present study. As suggested by
Buu and Sonenshein (1975), adenine and uracil are
used for the assay of DNA and RNA synthesis of the
cells stimulated by Con A.
By the same token, since glucose can bind to
Con A, uptake of 14C-glucose into the bacterial
cells is inhibited by Con A. Therefore, 14C-galactose
was used instead of 14C-glucose for measuring the
carbohydrate uptake by cells of B. cereus ATCC 14579
and B. licheniformis IFO 121070
Results of the present experiments indicate
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that Con A is able - to stimulatethe synthesisof RNA ,
DNA and protein and the uptake of both proline and
galactoseof B . cereus ATCC 14579 and B . licheni -
formis IFO 12107 . Although similar patterns of
stimulation are observed for the various processes ,
there is difference in the extent of individual
responsesof the two bacteria to Con A action . Paral -
lel to the results obtained for . growth experiment,
oxygen uptake and enzyme activities , cells of B .
cereus ATCC 14579 show a higher degree of stimulat -
ion ratio than B . licheniformisIFO 12107 . Under
optimal conditions , Con A stimulates RNA synthesis to
a 2 - fold , . proteinsynthesisto a 2 . 2 - fold , DNA
synthesisto a 6 . 3 - fold , proline, uptaketo a 2 - fold
and galactoseuptake to a 4 . 8 - fold increasein cells
of B . cereus ATCC 14579 , while Con A treated cells
of B . licheniformisIFO 12107 show a 1 . 7 - fold in -
crease in RNA synthesis, 1 . 3 - fold increasein protein
synthesis, 2 - fold increasein DNA synthesis, 1 . 4 -
fold increase in proline uptake and 3 . 8 - fold increase
in galactose uptake . The observed discrepencyin the
expression of degree of stimulation is probably due
to the differencein the numbers of Con A binding
sites existed on the surfaces of the two different
. bacterialcells .
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Dosage-dependence is observed for the Con A
stimulation of syntheses of DNA, RNA and protein and
also uptake of proline and galactose by B. cereus
ATCC 14579 and B. licheniformis IFO 12107. The
optimal concentrations of Con A for stimulation has
a wider range, from 750 to 1000 dug/ml, in which the
stimulatory effects are most obvious. This suggests
that binding of Con A molecules to the cells may reach
saturation at 750 to 1000 g/ml of Con A. On the
other hand, the stimulatory-effect begins to decrease
when*the cells are treated with Con A at concentrations
higher than 1000 lug/ml. This finding agrees with the
general observation that Con A at concentrations
beyond 1000 )ig/ml has a cytotoxic effect in species
of Bacillus, and the viability decrease to only 50%
when treated with 2500 UZg/ml of Con A (Chu and Chen,
1978).
The Con A stimulated synthesis and uptake of
macromolecules by B. cereus ATCC 14579 and B. licheni:
formis IFO 12107 is reversible by the two inhibitors
of Con A action, -methyl-D-mannoside ( MM) and
methyl-D-glucoside ( MG). The inhibitory action of
oMM and oMG on Con A action is dosage-dependent the
higher concentration of inhibitors, the higher degree
of suppression of Con A action. It is therefore
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obvious that the inhibitory effect of otMM and o(MG is
due to direct interaction of Con A molecules with the
inhibitors molecules. Except the-uptake of galactose,
the Con A stimulation on other processes is not in-
hibited completely by the Con A inhibitors, suggest-
ing the presence of non-specific binding of Con A
molecules to the cells. In case of galactose uptake,
D( MM and oCMG at a concentration of 80 mg/ml not only
suppress the Con A stimulated effect, but actual
decrease the uptake of galactose by the cells to a
level lower than the untreated cells. This observat-
ion can be explained by the fact that o(MM and c MG
are both carbohydrates which inhibit competitively
the uptake of galactose into the cells. That MG seems
to be a more potent inhibitor than MM might due to
its similar conformation with galactose.
Results obtained from experiment designed to
study the effect of different Con A incubation time
on protein synthesis of B.. cereus ATCC 14579 and B.
licheniformis IFO 12107 reveal that an almost im-
mediate stimulation (1 min Con A contact time) on
protein synthesis is exerted by Con A. Therefore,
the incubation time with Con A does not significantly
affect the stimulatory effect of Con A on the various
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physiochemical processes so long as the bacterial
cells come-into contact with Con A. However, a
different situation is found in lymphocyte. Powell
and Leon (1970) and Gunther et al (1974) reported
that lymphocytes and mouse spleen cells seemed to
become committed to DNA synthesis at last 20 to 24
hr before the DNA synthesis was initiated.
Results obtained from experiments on macro-
molecules synthesis and uptake by the two Con A-
stimulated bacteria are similar to those observed in
the lymphocyte system. Uptake of certain metabolites
including glucose (Peters and Hausen, 1971; Averdunk,
1972; Yasmeen et al., 1977), uridine (Peters and
Hausen, 1971) and amino acids (Averdunk, 1972) by
human lymphocytes was stimulated by lectin added to
the culture media. Mitogen also stimulate synthesis
of DNA (Loeb et al., 1968; Powell and Leon, 1970;
Novogrodsky and Katchalski, 1971), RNA (Lucas, 1967,
Kay and Cooper, 1969; Handmaker and Graef, 1970;
Powell and Leon, 1970; Novogrodsky and Katchalski,
1971; Pogo, 1972) and protein (Mueller and Mahieu,
1966) in lymphocytes. However, the optimal concent-
ration for mitogenic stimulation on lymphocytes is
very low. Maximum stimulation is obtained with 10 to
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30 dug/ml of Con A (Powell and Leon, 1970 Novo rodskg Y
and Katchalski, 1971), which is much lower than those
obtained in the present study (500 to 1000 )19/ml of
Con A). The inhibition of DNA-induced transformation
in B. subtilis 168 is reported to be effective at
high concentrations of Con A (Chu and Chen, 1979).
The difference in the structure of the surface re-
ceptors of lymphocytes and bacteria and the mechanism
of the linkage between the surface phenomenon and
the intracellular physiochemical responses might
attribute to the observed descryency between the
critical levels of Con A for exerting its effect on
these two types of cells. In addition, the Con A
stimulatory effect in bacteria is inhibited by a
high concentration( 80 mg/ml) of xiVIM or oMG while a
much lower level (20 mg/ml) of MM is required to
completely inhibit DNA synthesis in lymphocytes
(Powell and Leon, 1970 Novogrodsky and Katchalski,
1971).
From the results of the various experiments in
the present study, a time sequence of Con A.stimulat-
ion on various physiological events of the cells of
B. cereus ATCC 14579 and B. licheniformis IFO 12107
can be proposed. After 15 min of cultivation, Con A
stimulates the synthesis of RNA and DNA and also the
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uptake of the amino acid, proline. Con A-stimulated
galactose uptak.e and protein synthesis by the bacteria
occur at approximately the 2nd hr of cultivation
DNA synthesis in the two bacteria is initially stimulated
within the first 15 min of cultivation, the rate of-
subsequent DNA synthesis of Con A stimulated cells
increases tremendously. Similar results have been reported
in the lymphocyte system (Mueller and Mahieu, 1966).
The addition of phytohemagglutinin M to cultures of human
peripheral leukocytes accelerates RNA synthesis
exponentially after 66 hr incubation, which precedes
the stimulation of protein synthesis at 72 hr of
incubation, also the initiation of DNA synthesis at 78
hr of incubation, and the ultimate mitotic activity.
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E. 3H-Con A binding-
By the radioisotope labelling method, Con A
is found to bind to the cells of B. cereus ATCC
14579 and B, licheniformis IFO 12107. Binding of
Con A to the cells occurs immediately once the Con
A is added to the culture. Saturation of binding
is reached only after 15 min of Con A incubation.
Similar results have been reported for lymphocytes.
Binding of 3H-Con A to normal or.transformed
lymphocytes require only 5-15 min incubation with
3H-Con A (Cline and Livingston, 1971 Noonan and
Burger, 1973a, 1973b Noonan et al., 1973 Romeo
et al., 1978). Since binding of Con A .to the
bacterial cells preceeds the initiation of other
observed Con-A stimulated physiochemical responses,
it is anticipated that binding of Con A to the cell
surface is necessary for the triggering of.the
subsequent physiochemical responses of the bacter-
ial cells.
In the present study, specific binding is
expressed as the difference between the. counts of
radioactivity obtained in the Con A treated cul-
tures with the absence and presence of Con A
inhibitor -methyl-D-mannoside (Keenth et al.,
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1974 Romeo et al., 1978). These counts of radio-
activity represent the amounts of Con A that bind
to the cell through the specific carbohydrate com-
ponents of the cells envelope. On the other hand,
the readings obtained in cultures with the presence
of (MM, which cannot be reversed by the inhibitor,
represent the non-specific binding of the Con A
molecules to the cells envelope. Moreover, greater
amounts of 3H-Con A bound to the cells in the absen ce
and presence of MM when the cells are incubated at
35°C than those incubated at 0°C. This indicates
that non-specific binding of the Con A molecules to
the cells is temperature dependent. Non-specific
binding of Con A to lymphocytes is suggested to be
carried out by endocytosis of Con into the cells
Wright and Ceri, 1977), and by membrane turnover
and blebbing (Noonan and Burger, 1973). These
processes are metabolism-dependent since increase
in temperature increases the 3H-Con A binding and
pretreatment of the, cells with 10 mM sodium azide,
a metabolic inhibitor, lowers the non-specific
binding of Con A by endocytosis (Noonan and Burger,
1973). Therefore it has been proposed that assay for
determining Con A binding to lymphocyte should be
(Noonan and Burger, 1974 Kaneko et al., 1975
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carried out at 00C (Noonan and Burger, 1974). However,
endocytosis is-not likely to occur in bacterial
system. Therefore, non-specific binding of Con A to
bacterial cells is probably due to other physical
interactions between the Con A molecules and the
cellular components other than carbohydrates on the
cell envelope. These interactions could be the ionic
interactions between charged amino acid residues of
Con A and protein of the cell surface and the'
hydrogen bonding or Van der Waals interaction be-
tween the Con A molecules and the surface components
of the bacteria. However, no direct evidence has yet
been obtained on these proposed interactions at the
present moment.
Temperature has been shown to affect Con A
binding to hamster cells. At 37°C the tetrameric
form of the Con A molecule is predominant but it
dissociates into dimers as the temperature is lower-
ed and the dimer does not induce. agglutination
(Huet et al., 1974). Therefore, low*temperature is
chosen for the assay of Con A binding to the cells
in order to minimize cell aggregation and possible
trapping of free molecules within the cell aggregates
(Romeo et al., 1978).
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B , cereus ATCC 14579 and B . licheniformisIFO
12107 show different values of specific binding at
0 ° C and 35 ° C . This result partiallyexplainswhy the
respons . e of various physiochemicalprocesses is
usually more significantin cells of B . cereus ATCC
14579 than those of B . licheniformisIFO 12107 . The
fact that B . cereus ATCC 14579 has a higher value of
specific binding suggests the existence of higher
humbers of Con A binding sites on the cell surface
of B . cereus ATCC 14579 . For any one bacterial
species , the specific binding is consistent regardless
of the incubation temperature employed . Therefore ,
althoughaffectingthe 3 H - Con A bound to the cells ,
temperatureseems not to alter the number of specific
binding sites on the cell envelope .
The bacterial cell is constructedwith a rigid
cell wall . If the wall is removed under isotonic
conditions by lysozyme , the structure remaining -
the protoplastcan still - carry out most of the phy -
siological functions of the intact cells . However ,
if the wall is only modified by growing the - bacterial
cell in the presence of penicillin , which inhibit
the formation of the peptidoglycanof the cell wall ,
the resulting structure . is termed a spheroplast
( Lichsteinand Oginsky, 1965 ) .
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When the cell wall of rod-shaped bacteria is
removed by lysozyme treatment, a spherical protoplast
should be obtained in an isotonic solution. However,
protoplasts formed under certain conditions do not
assume a spherical shape. One of the factors is the
pH. Cells of B. subtilis (Van Iterson and Op Den
Kamp, 1969) and B. megaterium (Op Den Kamp et al.,
1967) grown at pH 7.0 give rise to spherical proto-
plasts, whereas rod-shaped protoplasts are produced
while cells are exposed to pH 5.0. This structural
variation is due to the increased amount of lysyl-
phosphatidylglycerol relative to the phosphatidyl-
glycerol content of the membrane fraction, which
occurs concurrently with the changes in the shape
and behavior of the.protoplast produced by lysozyme
(Van Iterson and Op Den Kamp, 1969). Magnesium con-
centration in the isotonic condition also affect the
shape of protoplast formed by lysozyme treatment. If
cells of Bacillus licheniformis are suspended in
solutions containing more than 40 mM of magnesium
ion prior to wall removal, the resultant protoplasts
retain the rod shape and are osmotically resistant
(Van Iterson and Op Den Kamp, 1969 Marquis and
Corner, 1976). It is suggested that the membrane is
fixed by such high concentrations of magnesium which
271
render the protoplasts resistant to osmotic stresses
(Marquis and Corner, 1976). In addition, it is
necessary that the cells used for preparing protoplasts
should be in logarithmic phase of growth at the time
of harvesting, and that harvesting and resuspensions
should carried out rapidly, otherwise a poor ratio
of conversion to protoplasts is obtained (Cundhiffe,
1968). In the present study, the protoplasts of
B. cereus ATCC 14579 and B. licheniformis IFO 12107
are produced by suspending log-phase cells in 0.05%
lysozyme solution containing 0.O1M magnesium chloride
at neutral pH. After 30 min to 60 min of incubation,
high proportions of spherical protoplasts are obtained.
An attempt has been made in the present study
to localize the binding of 3H-Con A to'the whole cell,
protoplast, ghost and cytoplasm fraction of the cells
of B. cereus ATCC 14579 and B. licheniformis IFO 12107.
High level of 3H-Con A binding is found to locate in
the whole cell, protoplast and ghost fraction. Since
high levels of 3H-Con A binding are detected in the
protoplasts, it is obvious that Con A does not bind
to peptidoglycan component of the cell wall. In a
study with Streptococcus faecalis 9790 (Shockman and
Slade, 1964), it has been found that when protoplasts
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were washed with salts or water, most of the lipo-
teichoic acid still associated with the cytoplasmic
membrane. The association between lipoteichoic acid
and membrane requires magnesium ions for stability as
protoplasts prepared in the absence of magnesium
lack lipoteichoic acid*(Shockman and Slade, 1964).
The fact that only negligible level of. 3H-Con A is
found in the cytoplasm after lysis of the cell
suggests that the cell is unable to transport the
Con A molecules into the cytoplasm. Also, the obser-
vation that high level of 3H-Con A is found in the
ghost fraction leads to the conclusion that the Con A
molecules bind either to the membrane or the membrane
bound lipoteichoic acid. Since cytoplasmic membrane
is composed mainly of lipids and protein and Con A
only binds to carbohydrate residues, there should be
no Con A binding site exists on the membrane. There-
fore, it is highly possible that most of the Con .A
molecules bind to the membrane bound lipoteichoic
acid of the cells of B. cereus ATCC 14579 and B.
licheniformis IFO 12107. Cells of Bacillus sp. are
known to have two types of teichoic acids in the cell
envelope, namely the ribitol teichoic acid which is
bound to the peptidoglycan cQmponent of cell wall'and
the glycerol teichoic acid which is attached to
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the cell membrane (membrane bound lipoteichoic acid).
In B. licheniformis ATCC 9945 (equivalent to B.
licheniformis ZFO 12107), polymers of glucosyl-
glycerol phosphate have been described as the mem-
brane bound teichoic acids (Burger and Glaser, 1966).
It is possible that this type of glycosyl polymer
serves as the receptor site for the Con A molecules
on the cell envelope. In B. subtilis 168, the C-D-
glucopyranosyl substituted polyglycerol phosphate
teichoic acid is believed to. be bound by Con.A
molecules (Doyle and Birdsell, 1972). On the other
hand, the nature of the teichoic acids or other
carbohydrate-containing components-on the surface of
B. cereus that can serve as a receptor site for Con
A binding has not yet been reported. However, the
similar responses towards Con A action observed in
cells of B. cereus ATCC 14579 and in cells of B.
licheniformis IFO 12107 strongly suggest the presence
of membrane bound lipoteichoic acid which serves as
Con A receptor site on the cell envelope of B.
cereus ATCC 14579.
Finally, the low level of non-specific Con A
binding to the cytoplasm maybe attributed to the
fact that non-specific Con A binding mainly occurs
at the cell surface of the bacteria.
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F. Effect of concanavalin A on intracellular cyclic 3',
5'-adenosine monophosphate (cyclic AMP) and cyclic
3', 51-guanosine monophosphate (cyclic GMP) levels
Cyclic AMP is found to be absent in the cells
of B. cereus ATCC 14579 and B. licheniformis IFO
12107 in the present study. The occurrence of cAMP
has been demonstrated directly in a number of pro-
caryotes (Rickenberg, 1974) and most of the studies
deal mainly with Escherichia coli (Makman and Suther
1973; Buettner et al., 1973 Peterkofsky and Gazdar,
19739 1974 Gonzalez and Peterkofsky, 1975. Piovant
and Lazdunski, 1975 Wayne et al., 1975 Coppola
et al., 1976). However, cAMP has been reported to be
absent in B. licheniformis (Bernlohr et al., 1974)
as well as B. megaterium (Setlow, 1973 Ullmann,
1974 Yeung et al., 1976).
On the other hand, cyclic GMP is detected in
the cells of B. cereus ATCC 14579 and B. licheni-
formis IFO 12107 by the radioimmunoassay method
used in this study. The levels of cyclic GMP range
from 0.1 p mole to 1.0 p mole in B. cereus ATCC
14579 and 0.1 to 1.1 p mole in B. licheniformis
IFO 12107. A direct relationship is observed between
land, 1965 Pastan and Perlman, 1972 Abou-sabe,
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the cellular AMP level and the growth rate of the
two bacteria. The cyclic GMP level begins to increase
from the initial stage of cultivation. In mid-log
phase of growth when the growth rate of the cell is
maximized, a. peak level of cyclic GMP level is also
observed. The cyclic GMP level begins to decline as
the growth rate decreases, even though the total
count of the cells are still increasing. In the
stationary phase of growth, the amount of GMP drops
to a very low level. A similar relationship between
enhanced cell proliferation and elevated cyclic GMP
levels has been reported in B. licheniformis A-5 and
E. coli (Bernlohr et al., 1974) and in human lympho-
cyte (Hadden et al., 1972). A revised working hypo-
thesis concerning the regulation of cell division
has been proposed (Hadden et al., 1972). These
workers point out that an increase in the concentrat-
ion of cellular cyclic GMP may represent at least
one of the active signals that may induce cell
division, while the elevation of the concentration
of cyclic AMP may limit or inhibit mitogenic action.
It is, therefore results obtained from the present
experiment agree well with this hypothesis.
Addition of Con A to the bacterial cultures
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stimulates the production of cyclic GMP by the
bacterial cells . The stimulation can be detected at
the very beginning of cultivation . There is good
evidence that binding of Con A to the cell envelope
leads to increased synthesis of cyclic GMP inside
the bacterialcell . The action of Con A on the
bacterial cell initially begins with the cell mem -
brane , a second messengeris required for the
transmission of the surface mitogenic signal into
the cytoplasm and the DNA areas where the various
physiochemicalresponses are initiated . It is con -
ceivable , from results of this experiment, that
cyclic GMP may well qualify to serve as this intra -
cellular messenger for expression of the mitogenic
signal .
Of equal importance in establishing cyclic GMP
as an intracellular effector in the expression of
the mitogenic signal is the identificationof a site
of cyclic GMP action that would serve to initiate
the sequence of events leading to cell division . In
studies with lymphocyteit has been found that
binding of mitogen to cell membraneleads to in -
creased histone acetylation , ' phosphorylationf
nuclear protein and nuclear RNA synthesis ( Pogo
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et al., 1966). These nuclear changes are believed to
be associated with the transcription of DNA and can
be envisaged to relate to subsequent cell division.
In. addition, cyclic GMP at concentrations of 0.1-
1 nM are found to enhance RNA synthesis in isolated
lymphocyte nuclei (Hadden et al., 1972). Although
nuclear structure is absent in bacterial system, it
is possible that cyclic GMP may serve.the same
function as cyclic AMP in lymphocyte system, which
has been shown to facilitate expression of certain
operons in E. coli (Perlman and Pastan, 1971).
According to the model proposed by Perlman and
Pastan.(1971), both cyclic AMP receptor protein
(CRP) and RNA polymerase bind to the lac promotor.
Binding of the cyclic AMP-- CAP complex to the
promotor facilitates the. attachment of RNA poly-
me rase and thus initiate DNA transcription. However
the exact role of cyclic GMP in regulation of gene
expression in bacteria still remains to be investi-
gated.
It is found that the elevated levels or cyclic
GMP in Con A-stimulated cells of B. cereus ATCC
14579 and B. licheniformis IFO 12107 can be lowered
by the action of o(MM or ct MG. It is conceivable that
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the increase in cyc.lic GMP level is also caused by
specific binding of Con A to the cell envelope of the
bacteria.
279
G. Mechanism of Con A action on cells of*B. cereus
ATCC 14579 and B. licheniformis IFO 12107
In the present study, Con A is found to
stimulate cell division, oxygen uptake, enzyme
activities and uptake of macromolecules in the
bacterial cells. The present thesis is probably
the first report dealing with the effect of Con A
on the physiological aspects of bacteria. Based
on the results obtained in the present study, it
is prudent to propose a sequence of physiological
reactions that occur when the bacteria are treat-
ed with Con A.
The first essential event ever to occur is
the binding of the Con A molecule to the receptors
on the bacterial cell surface. The membrane bound
teichoic acid is believed to be the Con A receptor
site in B. licheniformis IFO 12107. A similar
carbohydrates-containing structure is suggested
to be the Con A receptor for B. cereus ATCC-14579,
although its nature is still unknown, If Con A
is prevented from binding by its inhibitors-
dMM or o(MG, the degree of Con A-induced s timulat-
ion will be reduced. Furthermore, since the level
of 3H-Con A bound to the cytoplasm is negligible.
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Con A is believed to induce cytoplasmic-stimulation
without actually entering the cells.
As the membrane teichoic acid is linked directly
to the lipid mioety of the membrane (Davison and
Baddiley,.1963 Van Duel et al., 1973) the binding
of Con A to the glucose residue of the polyglycerol
phosphate polymer would induce structural changes
in the membrane of the bacteria. One of the earliest
modifications of cell membrane produced by mitogenic
agents in lymphocyte is the change of membrane
fluidity (Barnett et al., 1974 Schmidt-Ullrich
et al., 1976). Such change in the lipid architecture
is expected in the bacterial system although no
investigation has'been carried out at the present
moment. In lymphocytes, anchorage of Con A receptors
to the microtubule-microfilament system is involved
in the mitogenic stimulation (Edelman et al.,1973;
Yahara and Edelman, 1973 Wang et al., 1975b
Sherline and Mundy, 1977. Dunlop and Donaldson,
1978). However, the absence of such contractile
apparatus in bacterial system suggests its involve-
ment is not essential for-mitogenic stimulation by
lectin or its role is replaced by other structural
proteins of unknown nature present in the bacterial
system.
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A model has been suggested to explain the
initiation of biochemical trigger after the binding
of Con A to the cell surface of lymphocytes (Hughes,
1975). Perturbation of receptor sites by Con A
induces realignment of other surface molecules via
the modulation of a common anchorage system. Such a
realignment would convert inactive enzyme subunits
in the membrane into active enzyme complexes. A
possible candidate here is guanylate cyclase, a
membrane glycoprotein. Activation of guanylate
cyclase would increase the intracellular level of
cyclic GMP. Since addition of Con A leads to increase
in the intracellular cyclic GMP level in the two
bacteria, it is conceivable that increased cyclic
GMP level is the trigger signal that initiates sub-
sequent physiochemical responses inside the bacterial
cytoplasm.
Binding of Con A to its receptor-on the bacter-
ial surface may also activate other membrane bound
enzymes. Two possible candidates are the dehydro-
genases and phosphatases. The stimulation of these
two enzymes indicate a higher respiratory rate and
the activation of energy--yielding processes.
Since cyclic GMP is a small molecule, it may be
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qualified as an intracellular messenger for trans-
mission of surface mitogenic signal into the cyto-
plasm. Inside the bacteria, cyclic GMP may bind to
the DNA molecules to.facilitate transcription. It
is possible that cyclic GMP behaves similarly as
cyclic AMP by binding, together with receptor protein,
to the promotor of certain operons and facilitate
binding of RNA polymerase for transcription (Perlman
and Pastan, 1971). Increase in cyclic GMP level
after Con A binding to the bacteria is followed by
stimulation in RNA synthesis. At the same time,
uptake of exogenous amino acids and carbohydrates is
stimulated as the endogenous resources may be ex-
hausted by the increased demand. It is possible
that stimulation of macromolecule uptake is brought
about by enhanced functioning of membrane transport
systems. Since the intracellular pool of RNA and
amino acids is enriched, protein synthesis will be
stimulated. The proteins thus synthesized would
probably include enzymes for respiration, DNA re-
plication and membrane transports.
Binding of cyclic GMP and DNA molecule probably
facilitates DNA replication. This is shown in the
result that DNA synthesis is stimulated shortly
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after addition of Con A into the cultures. Once the
cellular materials are enriched, a tremendous in-
crease in DNA synthesis of the bacteria, is observed
after about 4 hr of incubation with Con A.
As the various physiochemical reactions are
stimulated by Con A, an increase.in growth rate and
subsequent cell division of the bacterial cells is
expected.
The mechanism of Con A action on the stimulation
of various physiological aspects in cells of B.
cereus ATCC 14579 and B. licheniformis IFO 12107 is
quite similar to that for mitogenic stimulation in
lymphocytes (Table 8). In case of lymphocyte, Con A
acts to trigger the quiescent, non-divinding cells
into a state of proliferation. Without stimulated
by Con A, DNA synthesis of the lymphocyte is complete-
ly lacking, while RNA and protein syntheses are
maintained at low levels and cell division never
occur. However, the situation in this bacterial
system is complicated by the fact that Con A stimul-
ate the physiological reactions which are already
operating even in the absence of Con A. The action
of Con A is to enhance the metabolic activities




1. Concanavalin A at concentrations range from 50
to 750 jig/ml stimulates the growth of B. cereus
ATCC 14579 and B. licheniformis IFO 12107. The
stimulation is initiated by the specific binding
of Con A molecules to the cells since 50 mg/ml
of o(-methyl-D-mannoside, a Con A inhibitor can
reverse the stimulatory action.
2. Oxygen uptake by cells of B. cereus ATCC 14579 and
B. licheniformis IFO 12107 is stimulated by Con A.
The optimal concentration of Con A for stimulat-
ion of oxygen uptake is 750 jig/ml for both bacte-
ria and the peak levels of oxygen uptake decline
when the cells are treated with Con A at concent-
rations higher than 1000 pg/ml, The stimulatory
effect is inhibited by the presence of 50 mg/ml
of a -methyl-D-mannoside.
3. Con A at different concentrations stimulates the
activities of membrane.bound dehydrogenases and
phosphatases of B. cereus ATCC 14579 and B. liche-
niformis IFO 12107. Maximum activities of the two
enzymes occur when the cells are treated with
500 fg/ml Con A. The activity of c(-glucosidase,
an exoenzyme is also stimulated by Con A, but the
stimulation ratio is much lower than those of Con
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A stimulated dehydrogenase and phosphatase activities.
The elevated activities of these three enzymes caused
by Con A stimulation are reversible by the addition of
methyl-D-manno side. The activity of -amylase,
however, is not affected by Con A.
4. The synthesis of RNA, DNA and protein and also the
uptake of proline and galactose by B. cereus ATCC 14579
and B. licheniformis IFO 12107 are stimulated by the
incorporation of Con A into the culture medium. A time
sequence of Con A stimulation on the various physiological
events is observed that RNA synthesis, DNA synthesis and
proline uptake are greatly stimulated at very early stage
of Con A incubation (15 min), followed by galactose uptake
and protein synthesis at later period (2 hr) of cultivation.
The stimulatory effect of Con A on the above events is
Con A dosage dependent, and the optimal concentrations lie
within a range of 75P to 1000 ug/ml. The Con A-stimulated
syntheses and uptake of macromolecules are inhibited by
the Con A inhibitors, -methyl-D-mannoside and (-methyl--
D-glucoside.
5. 3H-Con A binds to the cells of B. cereus ATCC 14579
and B. licheniformis IFO 12107. The binding
is temperature dependent and is reversible by
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-methul--D-mannoside. Of the different cellular
fractions of the two bacteria 3H-Con A binds heavily
to membrane bound components in the cell envelope,
which is believed to.be the -glucopyranosyl sub-
stituted glycerol teichoic acid in the cell envelope
of B. licheniformis IFO 12107. However, the exact
nature of the Con A receptor site in B. cereus ATCC
14579 is still unknown although experimental results
strongly suggest this. might also be a structure-
identical with or similar to off-glucopyranosyl sub-
stituted glycerol teichoic acid on the cell envelope.
6. Cyclic AMP is not detected in both B. cereus ATCC
14579 and B. licheniformis IFO 12107. The levels of
cyclic GMP detected in the two bactoria vary with
the growth phase of the bacterial cultures. A direct
relationship is observed-for increased growth rate
and elevated levels of intracellular cyclic GMP.
Con A is found to increase the intracellular levels
of cyclic GMP in the two bacteria. The stimulation
is dosage dependent and. is reversed by -methyl-D-
mannoside. It is proposed that cFMP serves as a
messenger which transmits the Con A stimulating
signal to the nuclear areas and cytoplasm of the
bacterial cell.
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7 . B . ce ' reus ATCC 14579 shows a greater stimulatory
responseto Con A than B . licheniformisIFO 12107 .
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